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ABSTRACT:  Recticel Bedding Hulshout is a mattress manufacturer. The company intends to build 
a new packing line as a final step in their production lay-out redesign project. The objective of this 
study consists in answering the question whether, given the production volumes, the mix of 
mattresses (without packing, once wrapped or double wrapped) is operationally feasible within 
different scenarios. The new lay-out of the packing line can be modelled as a typical multi product 
job shop with general arrivals and general processing. The products (units of different modes of 
mattresses, a mode being a typical packing form of a mattress) enter the system individually and are 
processed as such at all manipulation steps. The mode depends on the upstream production line and 
is characterised by a deterministic routing. A general open queueing network and a parallel 
simulation model have been developed. We are able to show that the new lay-out is feasible, taking 
into account the different scenarios. Methodologically, we reveal that both an approximated 
queueing network and simulation are suitable approaches to give an answer to the managerial 
questions. However, the queueing model has the advantage of being a much more flexible, in terms 
of conducting ‘what-if’ scenarios and computational efficient approach. 

INTRODUCTION: RECTICEL BEDDING HULSHOUT 
 
Being a subsidiary of the world wide Recticel-group, Recticel Bedding Hulshout fabricates both 
natural and synthetic based mattresses. It is a Belgian company with a strong European dimension. 
They produce and handle polyurethane foam, which is used as filler for cushion in the furniture 
industry, as lagging material in the building industry, for interior car comfort and for several other 
industrial and domestic applications. The company has over 75 production facilities in 19 European 
countries and operates at three sites in the US. In Europe, Recticel is one of the leading 
manufacturers of mattresses and slats. For further expansion, the company builds on quality and 
technological improvement. The company perfectly succeeds in anticipating the customer needs 
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thanks to a geographically and product oriented organisation without loosing the internal cohesion 
and growth perspectives. 
 
In Belgium, mattresses are produced at two sites: Hulshout and Geraardsbergen. The Hulshout site 
where this study was carried out employs 250 people. They produce 650,000 mattresses per year that 
are known by brand names as Acor, Beka, Bultex and Eclipse. In addition, they produce generic 
products (e.g. Belfoam) for different retailer outlets: furniture firms, specialised bed furniture chains, 
residential stores and industrial customers. The total turnover for the two Belgian sites is $ 71.5 
million of which 60 % are brand products and 40 % generic products. 40 % of the total sales is 
domestic and 60 % is for export. 
 
The rest of the paper is organised as follows: (1) problem description, (2) lay-out and parameters of 
the queueing model and the simulation model, (3) results of both models and (4) conclusion. 
 
 

PROBLEM DESCRIPTION 
 
Recticel Bedding Hulshout intends to build a new packing line. This reorganisation is embedded in 
the framework of a global logistic project: the new packing line must be capable to cope with the 
volume of mattresses, output from several new production lines. 
 
The company provided the lay-out structure for the new packing line. It incorporated several 
advantages: fitting into the current building and being reasonable in financial terms. On top of that, 
the lay-out can cope with future variations on the demand (input) side of the packing line. 
In order to meet current and future market requirements, Recticel is forced to dispose of packing 
machines capable of different wrapping procedures. The wrapping procedures are three-fold: (1) not 
wrapped (Nw), (2) once wrapped (Ow) and (3) double wrapped (Dw) mattresses. We define a 
product as a wrapping/mattress combination. The packing line must include the four current packing 
machines (PM-1, PM-2, PM-3 and PM-4) with the knowledge that PM-3 was going to be refurbished 
into a faster machine. In combination with the feeding transfer lines, the interconnecting transport 
lines and the transport change-over points are to be co-ordinated by an automated handling system. 
For notation purposes, we define the packing machines and transport change-over points as service 
elements of the packing line. 
 
Within the scope of the project, we tested the operational feasibility of the current situation as well as 
several future scenarios. We focused on increased demand, demand mix changes, processing time 
increase due to a new packing procedure and buffer capacities. Therefore we developed both a 
queueing model and a parallel simulation model which provided us with indispensable performance 
measures, necessary to judge the system: (1) the utilisation ratio of each service element, (2) the 
average waiting time at each service element, (3) the average number of products in the queues at 
each service element, (4) the average lead time per product and (5) the standard deviation of these 
lead times (only provided by the queueing model). 
 
 



 
MODEL: LAY-OUT AND PARAMETERS 

 
Before examining the queueing and simulation model more in detail, we first want to clarify the 
building blocks of the new lay-out, which is built up by five basic elements: 
 

•   feeding transfer lines: 
These are the production lines from which mattresses turn out after they finished their last 
operation in the production line. As transfer lines, they deliver mattresses to the packing unit 
for final wrapping. The production lines can be classified into two main categories: filling lines 
and taping lines. There are four filling lines (filling line 4 (Fl-4), filling line 5 (Fl-5), filling 
line 6 (Fl-6) and filling line 7 (Fl-7); filling line 4 is split into three filling machines (filling 
machine 1 (Fm-1), filling machine 2 (Fm-2) and filling machine 3 (Fm-3))). Further, there are 
two taping lines (taping line 1 (Tl-1) and taping line 2 (Tl-2)). 

•   transport change-over points: 
This is a mechanism to make mattresses change their position where transport lines 
interconnect. 

•   transport lines:  
They serve as buffers between transport change-over points, transport change-over 
points/packing machines, transport change-over points/feeding transfer lines or transport 
change-over points/storage area. They include rolling conveyors on which mattresses proceed 
at a constant speed. They serve as an interconnecting element to get mattresses from their 
previous operation to their next. 

•   packing machines: 
PM-1, PM-2 and PM-3 handle mattresses that do not need wrapping or that only need to be 
wrapped once. In this way, they also wrap mattresses for the first time, which will be wrapped 
by PM-4 for a second time. 

•   storage area:  
This is the place where mattresses arrive as finished products. Once the storage area is reached, 
they leave the packing line. 

 
As already stated, the packing machines and the transport change-over points are labelled as service 
elements. 
All this can be seen on figure 1. 
 
 



 
Figure 1.  The new lay-out of the packing line 
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Table 1 provides information concerning the product mix for the current situation. Table 2 does the 
same for a future scenario. Compared to the current situation, the future scenario contains an 
additional mode of mattress at Fl-7 (mattresses of the Dw mode) and Tl-1 produces only the Ow 
mode instead of all three modes. 
 
 

Table 1 
The Product Mix and Arrival Process Distributions of Mattresses in the Current Scenario 

 
Feeding transfer line Nw Ow Dw Distribution 
Fm-1  35% 65% 0% constant 
Fm-2 35% 65% 0% constant 
Fm-3 35% 65% 0% constant 
Fl-7 0% 100% 0% constant 
Fl-6 0% 100% 0% constant 
Fl-5 0% 100% 0% constant 
Tl-2 10% 89% 1% lognormal 
Tl-1 10% 89% 1% lognormal 
 
 

Table 2 
The Product Mix and Arrival Process Distributions of Mattresses in a Future Scenario 

 
Feeding transfer line Nw Ow Dw Distribution 
Fm-1 44% 56% 0% constant 
Fm-2 44% 56% 0% constant 
Fm-3 44% 56% 0% constant 
Fl-7 0% 40% 60% constant 
Fl-6 0% 100% 0% constant 
Fl-5 0% 100% 0% constant 
Tl-2 16% 71% 13% lognormal 
Tl-1 0% 100% 0% lognormal 
 
 
Table 3 gives the distribution of the service processes in the current and a future scenario. 
 
 

Table 3 
The Service Process Distributions in the Current and a Future Scenario 

 
Service Element Current scenario Future scenario 
Packing machines: 
• Nw (PM-1, PM-2) 
• Ow (PM-1, PM-2, PM-3) 
• Dw (PM-1, PM-2 / PM-4) 

 
constant 
uniform 
uniform 

 
constant 
uniform 
uniform 

 
 
(+ 25% 
compared to the 
current scenario) 

Change-over points: 
• Straight on 
• Change position 

 
constant (3 sec) 
constant (10 sec) 

 
constant (3 sec) 
constant (10 sec) 

 
The processing times of packing machines PM-1, PM-2 and PM-3 are the same within the same 
scenario for the mattresses of type Ow and Dw. PM-4 is the packing machine that only processes 



 
mattresses of type Dw to wrap them in for the second time; it has a processing time that is two times 
the processing time of the other packing machines. 
The processing time of the change-over points is higher if the mattress has to cross the change-over 
point to change position instead of moving straight on. 
 
The routing of each product is given in table 4. The numbers refer to the icons in figure 1, the 
numbers in bold refer to the packing machines. 
 
 

Table 4 
The Routing of Each Product 

 
Type Routing 
Nw_Fm-1 1,2,3,4,7,8,11,12,15,16,19,20,23,24,25,40,41,42,43,44,33,32,29,30,31 
Ow_Fm-1 1,2,3,4,7,8,11,12,15,16,19,20,23,24,25,26,27,28,29,30,31 
Ow_Fl-7 5,6,7,8,11,12,15,16,19,20,23,24,25,26,27,28,29,30,31 
Dw_Fl-7 5,6,7,8,11,12,15,16,19,20,23,24,25,40,41,42,43,45,35,36,62,64,37,38,39 
Nw_Fm-2 9,10,11,12,15,16,19,20,23,24,25,40,41,42,43,44,33,32,29,30,31 
Ow_Fm-2 9,10,11,12,15,16,19,20,23,24,25,26,27,28,29,30,31 
Ow_Fl-6 13,14,15,16,19,20,23,24,25,26,27,28,29,30,31 
Nw_Fm-3 17,18,19,20,23,24,25,40,41,42,43,44,33,32,29,30,31 
Ow_Fm-3 17,18,19,20,23,24,25,26,27,28,29,30,31 
Ow_Fl-5 21,22,23,24,25,26,27,28,29,30,31 
Nw_Tl-2 47,48,41,42,43,44,33,32,29,30,31 
Ow_Tl-2 47,48,41,42,43,45,35,36,62,63,46 
Dw_Tl-2 47,48,41,42,43,45,35,36,62,64,37,38,39 
Nw_Tl-1 49,50,51,52,53,54,55,61,35,34,33,32,29,30,31 
Ow_Tl-1 49,50,51,52,53,60,57,58,59 
Dw_Tl-1 49,50,51,52,53,60,57,56,55,61,35,36,62,64,37,38,39 
 
 
For short notation, we indicate the routing with the numbers 3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 23, 24 
and 25 as the ‘long line’. It is a transport line of a considerable length which transports the mattresses 
from the filling machines and the filling lines. Moreover, the ‘long line’ has a useful operational 
meaning. The mattresses of type Nw of the filling machines are processed on PM-1; the mattresses 
of type Ow and Dw of the filling machines and filling lines are processed on PM-3. All mattresses 
leaving Tl-2 are processed on PM-1; all mattresses leaving Tl-1 are processed on PM-2. All 
mattresses of type Dw are processed for a second time on PM-4. 
 
 
Queueing model 
 
Queueing theory is a very broad and analytical subject. Some fundamental processes underlie all 
further analyses. They can be classified in two main categories. The first one consists of arrivals. 
These arrival rates relate to the amount of work the line has to perform per time unit. The second one 
deals with processing, and the processing rates represent the number of mattresses that the service 
elements can handle per time unit.  
 
Before outlining the queueing model, we first have to obtain the necessary arrival and processing 
data. 
 



 
In figure 1, the arrival points match the feeding transfer lines. With regard to these arrivals, we 
needed information on the average and the squared coefficient of variation of the interarrival times 
for each product coming out of each production line. For this purpose, the company provided data 
concerning the aggregate flow of departures from each production line, being equal to the aggregate 
arrivals into the packing line. For the filling machines and filling lines, the aggregate interarrival 
times were constant. For the taping lines, we used the data to obtain the best-fit distribution [Law 
and Kelton, 1982]. The distributions turned out to be lognormal for both taping lines. Compared to 
the current interarrival times, the future interarrival times have the same distribution but their 
averages decrease for the Nw mode of the filling machines, for the Ow mode of Fl-6 and all modes 
of the taping lines; they increase for the Ow mode of all filling machines and Fl-7 and remain 
unchanged for those of Fl-5. With the knowledge of their distributions and the product mix from 
table 1 and table 2, we can obtain the desaggregate arrival characteristics for each product for each 
production line both for the current and the future scenarios. For that purpose, we decompose the 
aggregate arrival process applying the following relations for the average (E(Xi)), the variance 
(V(Xi)) and the squared coefficient of variation (SCV(Xi)) of the interarrival times respectively for 
mode ‘i’ of arrival process X: 
 

 

E(Xi) = 
j=

∞

∑
0

(1-Pi)j . Pi . (j+1) . X 
(3.1)

 

V(Xi) = 
j=

∞

∑
0

(1-Pi)j . Pi . (j+1)2 . X2 - E(X)2 
(3.2)

 
SCV(Xi) = V(Xi) / E(Xi)² (3.3)
 
Here, the factor ‘(1-Pi)j . Pi’ indicates the probability that j other products (- modes) arrive before 
encountering a product of the respective desaggregate flow i. X is a number from a constant 
aggregate arrival process from the filling machines and the filling lines. For the arrivals from the 
taping lines, X is a random variable drawn from a lognormal aggregate arrival process [Law and 
Kelton, 1982]. This results in the interarrival characteristics for each individual product. 
 
If we consider the processing steps, we can distinguish four packing machines whose processing 
times are distributed uniformly. The processing time of the transport change-over points is three 
seconds if mattresses just cross and move straight on. For the ‘long line’ the processing time of a 
transport change-over point is three seconds; for all the other transport change-over points it takes 
the mattresses ten seconds to pass through the transport change-over points to change direction. They 
are called real transport change-over points. Future processing times apply only to the packing 
machines. They imply a 25 percent increase of current processing times, due to the use of a more 
solid (thicker) wrapping material. 
 
Our queueing model obeys the traditional and conservative FIFO discipline and a buffer is placed in 
front of the service element. For the change-over points, sometimes two input buffers are modelled. 
Anyway, the product types continue to obey the joint FIFO discipline to enter the change-over point. 
The buffers are supposed to have an infinite capacity. The storage places (finished products) are not 
represented in the queueing model. Note that mattresses of the Nw mode are also attributed a 
processing time of three seconds, because mattresses of the Nw mode occupy the packing machine 
for three seconds. All service elements have a spatial capacity of one mattress and each product has a 
well defined routing (see table 4). The model copes with general arrival and general processing times 
which is described in detail by Vandaele and De Boeck [Vandaele and De Boeck, 1999]. In short, at 
each machine all arrival processes are aggregated into one aggregate arrival process. The aggregate 



 
service process consists of the weighted service processes. Putting these machines into a general 
queueing network, the average product lead time is obtained, including average and variance. This is 
based on the insights and methodology developed by Lambrecht et al. and Vandaele [see Lambrecht, 
Ivens and Vandaele, 1999; Vandaele, 1996]. 
 
The queueing model will be run for five different scenarios: 
 

•   scenario-1: 
This scenario includes current interarrival times (curr. interarr.) and current processing times 
(curr. proc.) (table 1 and table 3 respectively). 

•   scenario-2: 
This scenario includes future interarrival times (fut. interarr.) and current processing times 
(table 2 and table 3 respectively). 

•   scenario-3: 
This scenario relates to current interarrival times and future processing times (fut. proc.) (table 
1 and table 3 respectively). 

•   scenario-4: 
This scenario is the same as scenario-1 except that PM-3 is not upgraded, therefore having the 
same processing time as PM-4 in the current scenario. 

•   scenario-5: 
This scenario includes future interarrival times and future processing times (table 2 and table 3 
respectively). 

 
 
Simulation model 
 
This simulation model is built identically to the lay-out model represented in figure 1. The 
simulation package used is Taylor II for Windows. 
We now briefly cover the input parameters and their values. For the interarrival times, we take the 
numbers from table 1 and table 2 together with the aggregate interarrival process characteristics. All 
processing times are the same as the ones used for the queueing model. The routing is deterministic 
as indicated in table 4.  
The function of the elements of figure 1 in the simulation model is as follows: 
 
 



 
Table 5 

The Function of the Elements in the Simulation Model 
 
Element numbers Function 
1,5,9,13,17,21,47,49 In-elements: 

elements where the mattresses arrive at the 
packing line 
(feeding transfer lines) 

2,4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34, 
36,38,40,42,44,45,48,50,52,54,56,58,60,61,63,64 
 

Buffers: 
elements where mattresses can wait if the 
processing of the predecessor is not yet finished  
(transfer lines) 

3,7,11,15,19,23,25,27,29,33,35,37,41,43,51,53, 
55,57,62 

Machines: 
service elements 
(packing machines and transport change-over 
points) 

31,39,46,59 Out-elements: 
elements where the mattresses leave the packing 
line 
(storage areas) 

 
 
The same scenarios as those analysed in the queueing model were simulated. As the size of the 
buffers is a major parameter in the new lay-out for the company, the simulation is also done for the 
same scenarios with finite capacity buffers. The length of these buffers (being transfer lines) 
determines their capacity. In order to check the percentage of the time the buffers run out of capacity 
and the consequences of this for the performance measures, a simulation study has to be made. It is 
extremely difficult to include finite buffers into a general queueing network [see e.g. Burman, 
Gershwin and Suyematsu, 1998]. 
The scenarios with finite buffer capacity are replicated 5 times for a period of 10 weeks. 
The scenarios with infinite buffer capacity are simulated once for a period of 30 weeks. 
 
 

RESULTS 
 
We have to emphasise that the objective of this paper is not to judge the accuracy of our queueing 
model. Because this queueing network is general and without any assumptions on both arrival and 
service processes, the simulation results will deviate from the queueing results. The main objective is 
to use the queueing model to analyse the problem in a fast and yet accurate way. If there is a need for 
very detailed and precise information, further simulation analyses should be added. It will be shown 
that both approaches lead to the same managerial conclusions. 
 
The results that we obtained from the queueing model (Queue.) and simulation model (Sim.) are 
given in tables 6, 7, 8, 9 and 10. 
For each scenario with infinite capacity and for both modeling approaches, we obtained the 
utilisation ratio of each service element, the average waiting time at each service element, the 
average number of products in the queues at each service element and the average lead time per 
product. From the queueing model, we obtained for each scenario the standard deviation of the 
product lead time. 
We will now discuss these results more in detail (the numbers in bold are referred to in the text). 
 
 



 
Utilisation ratio of the service elements 
 
 

Table 6 
The Utilisation Ratio in % of Each Service Element 

 
 Scenario-1 

(curr. interarr., 
curr. proc.) 

Scenario-2 
(fut. interarr., 
curr. proc.) 

Scenario-3 
(curr. interarr., 
fut. proc.) 

Scenario-4 
(scenario-1, 
PM-3 not upgr.) 

Scenario-5 
(fut. interarr., 
fut. proc.) 

 Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. 
M-3 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 
M-7 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 
M-11 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 
M-15 7.4 7.4 7.8 7.8 7.4 7.4 7.4 7.4 7.8 7.8 
M-19 9 9 9.4 9.4 9 9 9 9 9.4 9.4 
M-23 11.6 11.6 12 12 11.6 11.6 11.6 11.6 12 12 
M-25 34.7 34.7 31.4 31.5 34.7 34.7 34.7 34.7 31.5 31.5 
PM-3 49.5 48.9 41.7 41.2 61.9 61.9 99 99.6 52.1 52.4 
M-29 19.9 19.9 19.7 19.7 19.9 19.9 19.9 19.9 19.7 19.6 
M-33 8.4 8.4 11.4 11.4 8.4 8.4 8.4 8.3 11.4 11.2 
M-35 6.7 7 8.7 8.6 6.7 7.1 6.7 7 8.7 8.5 
PM-4 1.4 1.3 26.2 26.7 1.7 1.8 1.4 1.4 32.8 32.5 
M-41 12 12.3 20.6 20.5 12 12.3 12 12.2 20.6 20.2 
PM-1 31.3 32.3 46.9 46 38.5 40.7 31.3 32.5 57.8 56.3 
M-51 21.6 22.5 34.7 34.7 21.6 22.7 21.6 22.6 34.7 34.2 
PM-2 29.6 30.6 52 51.4 36.9 38.9 29.6 30.7 65 63.9 
M-55 2.3 2.3 NA NA 2.3 2.3 2.3 2.3 NA NA 
M-57 6 6.2 10.4 10.4 6 6.3 6 6.3 10.4 10.3 
M-62 6.2 6.5 14.9 14.9 6.2 6.5 6.2 6.5 14.9 14.6 
 
 
(NA stands for not applicable.) 
The utilisation ratios of the service elements on the ‘long line’ show low but increasing traffic. This 
is a logical fact for the very reason that at transport change-over points fairly low arrival rates and 
low processing times (only three seconds) are combined with low variabilities. However after each 
stage, the utilisation ratio increases due to merging flows. 
 
Except for the transport change-over points 29, 41 and 51 and the transport change-over points 62 in 
scenario-2 and scenario-5, the utilisation ratio of the real transport change-over points is below 12 
percent. 
 
For the packing machines, we observe that PM-3 is the highest utilised packing machine except for 
scenario-2 and scenario-5. In these scenarios, PM-1 and PM-2 have a higher utilisation ratio than 
PM-3. This increase is due to an increase in the arrival rate for the taping lines that feed these 
packing machines. 
 
PM-3 is nearly completely utilised in scenario-4 (everything will get blocked in front of the 
overloaded PM-3). Consequently, this scenario must be avoided. The slightest disruption of this 
packing machine would cause considerable congestion problems. Therefore, PM-3 must definitely be 
rebuilt into a faster machine. 
 
The utilisation ratio of PM-4 in scenario-2 and scenario-5 remains at a low level. 



 
 
To conclude, scenario-1, scenario-2, scenario-3 and scenario-5 are feasible because the utilisation 
ratios never rise above 65 percent. Moreover, taking into account that the wrapping process is a 
standardised automated process, utilisation ratios around 80 percent would still cause no significant 
congestion problems. Therefore, a further increase in the arrival rates is still feasible when sales 
would go up. 
Note that utilisation ratios from queueing and simulation are about equal.  
 
Average waiting time at the service elements 
 
 

Table 7 
The Average Waiting Time at Each Service Element (seconds) 

 
 Scenario-1 

(curr. interarr., 
curr. proc.) 

Scenario-2 
(fut. interarr., 
curr. proc.) 

Scenario-3 
(curr. interarr., 
fut. proc.) 

Scenario-4 
(scenario-1, 
PM-3 not upgr.) 

Scenario-5 
(fut. interarr., 
fut. proc.) 

 Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. 
M-3 0 0 0 0 0 0 0 0 0 0 
M-7 0 0 0 0 0 0 0 0 0 0 
M-11 0 0 0 0 0 0 0 0 0 0 
M-15 0 0 0 0 0 0 0 0 0 0 
M-19 0 0 0 0 0 0 0 0 0 0 
M-23 0 0 0 0 0 0 0 0 0 0 
M-25 0.2 3.6 0.5 4.1 0.2 3.6 0.2 3.6 0.5 4.1 
PM-3 1.4 3.9 2.4 2.6 3.9 8.6 559.1 364.5 5 5.6 
M-29 0.5 0.7 0.8 0.7 0.4 0.6 0.2 0.5 0.7 0.5 
M-33 0.5 0.5 0.8 1 0.5 0.7 0.5 0.5 0.8 1.4 
M-35 0.2 0 0.3 0 0.2 0 0.2 0 0.2 0 
PM-4 0.2 0.2 7.1 2.4 0.3 0.3 0.2 0.2 11.9 3.8 
M-41 1.1 0.8 2.6 1.4 1.1 0.8 1.1 0.8 2.6 1.4 
PM-1 9.8 9.6 22 13.8 17.8 19.5 9.8 9.5 45.5 31.2 
M-51 5.2 4.7 14.2 9.7 5.2 4.7 5.2 4.7 14.2 9.9 
PM-2 11.5 6.6 44.4 23 21.2 17.4 11.5 6.8 104 74.4 
M-55 0.1 0.2 NA NA 0.1 0.3 0.1 0.2 NA NA 
M-57 0 0 0.5 0 0 0 0 0.1 0.4 0 
M-62 0.2 0 1.2 0 0.2 0 0.2 0 1.1 0 
 
 
As far as the waiting times are concerned, we notice that PM-1, PM-2 and PM-3 together with the 
transport change-over point 51 have the largest waiting times in all scenarios. In scenario-2 and 
scenario-5, PM-4 has also a larger waiting time than the other service elements. Considering these 
packing machines, this is obvious, as they have the largest processing times. For the transport 
change-over point 51, it is the combined effect of a high arrival rate and a fairly high processing time 
(10 seconds) that turns into more significant waiting times. Note that these elements also have the 
highest utilisation ratios. 
 
The waiting time in front of PM-3 in scenario-4 is extremely high due to the near to 100 percent 
utilisation. 
 
If we compare the results of the queueing model and the simulation model, we observe a similarity 
although the absolute values of these waiting times do not quite match. The absolute values do not 



 
match for service elements 25, 62, PM-2 and PM-3 and, PM-1 and PM-4 in scenario-2 and scenario-
5. This has to do with the way the variability of the superposition of the individual arrival streams is 
approximated in the queueing model, which is very hard to accomplish. This explains the different 
waiting times in the queueing model compared to the simulation model. 
 
We can draw the same managerial conclusions from both models: the buffers have enough capacity. 
This information cannot be obtained solely from the utilisation ratio. 
 
Average number of products in the queues at the service elements 
 
 

Table 8 
The Average Number of Products in the Queues at Each Service Element 

 
 Scenario-1 

(curr. interarr., 
curr. proc.) 

Scenario-2 
(fut. interarr., 
curr. proc.) 

Scenario-3 
(curr. interarr., 
fut. proc.) 

Scenario-4 
(scenario-1, 
PM-3 not upgr.) 

Scenario-5 
(fut. interarr., 
fut. proc.) 

 Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. 
M-3 0 0 0 0 0 0 0 0 0 0 
M-7 0 0 0 0 0 0 0 0 0 0 
M-11 0 0 0 0 0 0 0 0 0 0 
M-15 0 0 0 0 0 0 0 0 0 0 
M-19 0 0 0 0 0 0 0 0.28 0 0 
M-23 0 0.1 0 0.1 0 0.1 0 0 0 0 
M-25 0.01 0.14 0.02 0.17 0.01 0.13 0.01 0.14 0.02 0.18 
PM-3 0.05 0.14 0.07 0.07 0.13 0.28 18.49 12.06 0.07 0.15 
M-29 0.02 0.03 0.03 0.02 0.02 0 0.01 0 0.03 0 
M-33 0.01 0 0.01 0.01 0.01 0 0.01 0 0.01 0 
M-35 0 0 0.01 0 0 0 0 9 0.01 0 
PM-4 0 0 0.06 0.03 0 0.01 0 0 0.1 0.03 
M-41 0.03 0.01 0.11 0.05 0.03 0.01 0.03 0.01 0.11 0.04 
PM-1 0.27 0.27 0.89 0.57 0.48 0.57 0.27 0.27 1.84 1.23 
M-51 0.11 0.1 0.70 0.34 0.11 0.11 0.11 0.11 0.7 0.34 
PM-2 0.25 0.14 2.2 0.8 0.46 0.39 0.25 0.16 5.14 2.57 
M-55 0 0 NA NA 0 0 0 0 NA NA 
M-57 0 0 0.02 0 0 0 0 0 0.02 0 
M-62 0 0 0.03 0 0 0 0 0 0.03 0 
 
 
The interpretation of the values in the above table is the same as in table 7 of the average waiting 
time; this is due to Little’s Law. Because the length of the buffers plays a major role in the packing 
line, a little more detail is needed. From the simulation model with infinite buffers we derived the 
maximal buffer contents reached and compared it with the current limited buffer capacities (fixed 
length of the transport lines). It appeared that the following elements exceeded their buffer capacity 
at least once: 26, 32, 36, 40, 42, 44, 48, 50, 52, 54 and 64. By analysing the histograms indicating the 
number of times that this happened, we can conclude that this was not significant. This can also be 
derived indirectly from table 8: except for PM-3 in scenario-4, PM-2 in scenario-2 and scenario-5 
and PM-1 in scenario-5, the average queues are all smaller than unity while the buffer capacities are 
at least one mattress, a result which cannot be obtained by only considering average utilisation rates.  
Moreover, the output parameter values (the utilisation ratio of each service element, the average 
waiting time at each service element, the average number of products in the queues at each service 
element and the average lead time per product) of both scenarios with infinite and finite buffers 



 
turned out to be more or less the same because almost no blocking occurred (the buffer capacities 
were almost never reached). This leads to the conclusion that the new lay-out is feasible, even with 
the expected future demand volume, product mix evolution and new processing times on the packing 
machines. 
 
Average lead time per product 
 
 

Table 9 
The Average Lead Time per Product (seconds) 

 
 Scenario-1 

(curr. interarr., 
curr. proc.) 

Scenario-2 
(fut. interarr., 
curr. proc.) 

Scenario-3 
(curr. interarr., 
fut. proc.) 

Scenario-4 
(scenario-1, 
PM-3 not upgr. 

Scenario-5 
(fut. interarr., 
fut. proc.) 

 Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. Queue. Sim. 
Nw_Fm-1 66 71.6 80.7 77.6 74 79.2 65.8 71.7 104.1 91.9 
Ow_Fm-1 48.1 66.9 49.6 65.8 54.2 62.5 620.4 456.5 55.8 76.1 
Ow_Fl-7 45.1 52.4 46.6 53.1 51.3 59.5 617.4 437.3 52.8 63.1 
Dw_Fl-7 NA NA 119.5 98 NA NA NA NA 158.9 122.2 
Nw_Fm-2 60 59.6 74.7 65 68 73.2 59.8 59.7 98.1 77.7 
Ow_Fm-2 42.1 52.1 43.6 54.3 51.2 56.5 614.4 424.8 49.8 62.7 
Ow_Fl-6 39.1 40 40.6 42.1 48.2 53.5 611.4 418.9 46.8 47.5 
Nw_Fm-3 54 48.3 68.7 51.7 62 67.2 53.8 48.3 92.1 64.5 
Ow_Fm-3 36.1 38.7 37.6 38.1 45.2 50.5 608.4 403 43.8 43.1 
Ow_Fl-5 33.1 32.8 34.6 31.7 42.2 47.5 605.4 398.2 40.8 36.2 
Nw_Tl-2 37.8 39.3 52.2 45.9 39.2 47.6 37.6 38.8 75.6 65.3 
Ow_Tl-2 35.2 35.8 50 42.2 47 48 35.2 35.7 77.1 65.6 
Dw_Tl-2 72.3 73.3 94.2 83.2 91.7 92.7 72.3 73.4 133.4 115.7 
Nw_Tl-1 57 52.1 NA NA 66.6 62.8 56.7 52.4 NA NA 
Ow_Tl-1 44.6 39.3 87.1 60.7 58.1 53.8 44.6 39.5 150.3 116 
Dw_Tl-1 105.3 100.3 NA NA 126.4 121.9 105.3 99.6 NA NA 
 
 
In table 9, we observe that, except for scenario-4, the Nw mode of the filling machines and taping 
line-1 and all mattresses of the Dw mode have the longest lead times. This is obvious because these 
modes cover the longest path throughout the packing line. The only significant lead times relate to 
the products processed by PM-3 in scenario-4: the Ow mode of filling machines and filling lines. 
Note that the lead times of the queueing model correspond to these of the simulation model.  
 



 
Standard deviation of the product lead times 
 
 

Table 10 
The Standard Deviation of the Product Lead Times of the Queueing Model (seconds) 

 
 Scenario-1 

(curr. interarr., 
curr. proc.) 

Scenario-2 
(fut. interarr., 
curr. proc.) 

Scenario-3 
(curr. interarr., 
fut. proc.) 

Scenario-4 
(scen.-1, PM-3 
not upgr.) 

Scenario-5 
(fut. interarr., 
fut. proc.) 

Nw_Fm-1 16.5 29.1 26.1 16.4 53.6 
Ow_Fm-1 4 6.3 7.3 566.1 9.8 
Ow_Fl-7 4 6.3 7.3 566.1 9.8 
Dw_Fl-7 NA 32.1 NA NA 57.3 
Nw_Fm-2 16.5 29.1 26.1 16.4 53.6 
Ow_Fm-2 4 6.3 7.3 566.1 9.8 
Ow_Fl-6 4 6.3 7.3 566.1 9.8 
Nw_Fm-3 16.5 29.1 26.1 16.4 53.6 
Ow_Fm-3 4 6.3 7.3 566.1 9.8 
Ow_Fl-5 4 6.3 7.3 566.1 9.8 
Nw_Tl-2 16.5 29 26.1 16.4 53.6 
Ow_Tl-2 16.3 29 26 16.3 53.6 
Dw_Tl-2 16.5 32 26.2 16.5 57.3 
Nw_Tl-1 21 NA 31.5 21 NA 
Ow_Tl-1 21 54.2 31.3 21 111.2 
Dw_Tl-1 21 NA 31.5 21 NA 
 
 
It can be seen in table 10 that the standard deviations are relatively low. The squared coefficient of 
variation never rises above 0.55 except for scenario-4. The Nw mode and the Ow mode of the taping 
lines and the Nw mode of the filling machines have the highest squared coefficient of variation in 
scenario-1, scenario-2, scenario-3 and scenario-5. In scenario-4 the highest ones are those of the Ow 
mode of filling machines and filling lines and mount somewhere around 0.85. 
 
 

CONCLUSION 
 
We developed both a queueing model and a simulation model to find out whether a new lay-out turns 
out to be a feasible solution in the reorganisation of the packing line at Recticel Bedding Hulshout. 
For these two models five different scenarios were tested. The purpose was to analyse whether 
changes in the current proposed lay-out parameters would be feasible, once the basic model 
(scenario-1) appeared to be reasonable. 
All scenarios, except for scenario-4, were feasible. There is even room for further improvements: 
increasing sales volumes, product mix changes and increased processing times due to a new packing 
procedure. Implementation was recommended since this model links up well with the existing infra 
structure and the buffer capacities (rolling conveyors) were found to be sufficient. 
Besides the feasibility aspect, we obtained that the new lay-out should be designed as flexible as 
possible in order to accommodate future evolutions.  
The queueing model is computationally significantly faster than the simulation model. The queueing 
model provided us with results within a few seconds. To get the reliable results out of the simulation 
model, it took us about three quarter of a day, not to mention the several weeks of model building 
and validation Especially if a substantial number of scenarios need to be evaluated or if a particular 
optimisation would be involved, then the power of the queueing approach will be outstanding.  



 
Nevertheless, the queueing formulas are approximative and must be treated with precious caution.  
So when very specific and detailed results are required simulation can help. 
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