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ABSTRACT
Purpose: This paper describes the project of developing the model of a high speed production system.
Design/methodology/approach: High speed production systems involve significant investment and are 
sensitive to change.  It is important to have a plan before changing the facility to minimize risks.  To achieve this 
goal, it is necessary to develop a simulation model of the manufacturing process so that the system efficiency 
under different conditions can be evaluated.
Findings: The investigation included evaluation of optimal system performance based on machine specifications 
and values obtained over a period of observation.
Practical implications: These values were used to generate a simulation model and tested under different 
conditions.  Four of the six recommendations were immediately accepted by the management while the two 
remaining recommendations were further investigated to clarify anticipated benefits.
Originality/value: This model is simulated in a discrete simulation environment and is based on values obtained 
from the actual production process.  The effect of changing the conditions and compatibility of the system to 
increased work and reduced waste can be visualized.
Keywords: High speed manufacturing; System optimisation; Simulation; Lean manufacturing; Continuous 
improvement

1. Introduction 
In today’s business environment, a successful enterprise is 

one that is always looking for improvements in its operations in 
order to compete. In general, productivity improvement projects, 
which often involve capital investment, include the application of 
lean manufacturing concepts [1]. The management needs to 
maximize the effectiveness of these investments by streamlining 
its operations and minimizing waste. However, optimization of 
existing processes implies change, which will inevitably affect 
performance [2]. It is necessary to understand how changes affect 
the business.  

A study shows that Australian companies are not well versed 
in adopting continuous improvement strategy [3]. Without 
thorough knowledge of the process an implementation of 
removing inventory will cause more harm than good. The 

research by Morris and Tersine [4] on process and cellular layouts 
illustrates that it is essential to understand the underlying factors 
that make the process successful. A mere copy of the action of 
eliminating inventory will cause more chaos than success. 

Ahlstrom [5] pointed out that there were principles governing 
the sequence of lean production implementations. A similar study 
was conducted by Rho et al [6] on the relationships between 
manufacturing strategies, practices and performances in three 
different nations. Ward and Zhou [7] reported on how IT had an 
impact on lead-time performance and that the primary drivers for 
adopting new computer based manufacturing technologies was 
competition and profitability. These researches provided 
guidelines as to how a manufacturing system should be analysed 
for improvement. 

High speed manufacturing involves significant investment. 
Any change to its operating parameters will have immediate 
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effect on the baseline operation. It is important to design and 
operate this type of facilities at its most efficient condition 
through continuous improvement efforts. It is necessary to have 
the ability to carry out “what-if” scenario analyses to sufficient 
details to evaluate and identify constraints in the production line 
alternative decisions on improvement plans [8]. These scenarios 
are characterized by changing the conditions and assessing the 
compatibility of the system on increased work and reduced waste. 

This is where computer simulation programs can be very 
effective. Computer simulation refers to methods for studying a 
wide variety of models of real-world systems by numerical 
evaluation using software designed to imitate the systems 
operations or characteristics, often over a period of time [9]. From 
a practical viewpoint, simulation is the process of designing and 
creating a computerized model of a real or proposed system for 
the purpose of conducting numerical experiments to give us a 
better understanding of the behaviour of that system for a given 
set of conditions [10]. 

This paper describes a project that analysed a high speed 
manufacturing facility and recommended improvements to the 
system. The system was modelled in a discrete simulation 
environment and is based on values obtained from the actual 
production process. Some information was obtained by direct 
measurement over a number of days. These values were used to 
generate a simulation model and tested to its extreme and showed 
the areas that hindered the production flow. The investigation also 
included evaluation of system performance using machine 
specifications as provided by the manufacturers. To correctly 
design the simulation model for the production process, the actual 
production processes are mapped and assessed. In some cases the 
flaws of the process might not be clearly visible so validation with 
benchmark of the actual production data is required. This project 
investigates possible peak performance of he machines and by 
doing so highlights the areas that need attention in order to cope 
with the influx of work. 

2 The high speed production system 
The high speed manufacturing system is a fully automated 

printing system. From the flowchart (Figure 1) it can be seen that 
the entire system is divided into 3 main divisions namely the reel 
preparation for press, the press section and the post-press section. 
All aspects of these three divisions are controlled and monitored 
by computer. 

To keep this production line performing at its peak, 
maintenance on a daily basis is a must. However with limited time 
due to non-optimal production, certain necessary maintenance 
procedures are not carried out thereby placing the machinery at 
risk of having a breakdown. The aim of optimizing the production 
schedule is to shorten production time and effectively increase the 
available maintenance time on the machine. 

To better understand the limitations within the production 
cycle, it is worth to note that the entire production process from 
the time when the production order is placed to the time of 
producing the final product is 7.5 hours only. This production 
cycle repeats everyday. 
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Fig. 1. Layout of operations at the high speed manufacturing 
system 

For simplification of analysis, the system is divided into two 
regions and assessed separately: 

Division one – Includes processes from the arrival of the 
paper reels (truck delivery) to the intake into the press (during 
operation).
Division two – Includes processes from the press (during 
operation) to the arrival of the completed bulk at the packing 
line.  
Information is collected automatically by the central counting 

system. Each counter records the number of parts that have passed 
its position every 5 seconds. In areas where the counting system is 
not installed, test trials were conducted to obtain values reflecting 
the performance of the process.  

From any operation two set of values are available describing 
the performance of a machine. The design specification sets the 
optimum performance from the manufacturer provided all 
variables surrounding the machine are met (e.g. raw materials, 
temperature, humidity etc). The second form of data is obtained 
by assessment of the machine whilst it is in operation and gives 
the actual performance of the machine at that present time.  

For the requirements of this project, the statistical data 
obtained during the testing period reflecting the actual production 
performance are used for the simulation construction and overall 
production analysis. The data are also compared to design 
specifications (where available) for determining any improvement 
opportunity. Where it becomes apparent that a certain machine is 
not performing well, a closer look to its design specification 
shows where servicing the machine should be done to improve its 
efficiency or consider the purchase of an additional machine.  

2.  The high speed production 
system
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3 division one 
The first division consists of the Reel Preparation and Press 

sections.

3.1  Reel delivery

This is the incoming materials section. Although the actual 
process time took a mere 10 mins (average), the total turnaround 
time was about 30 minutes. This included time wasted for truck 
positioning, finding the reel store personnel, inputting the relevant 
information into the computer prior to accepting the reels and 
confirmation of delivery followed by the truck driving away. The 
average number of reels delivered per working day is 157 reels. 
Once the truck has parked in place, an automatic skater system 
takes over and offloads all the contents of the truck to the 
conveyor belt and is transported to the waiting bay. A forklift then 
takes the reels and places them in the 1st stockpile for temporary 
storage. The steps involved in the skater system delivery 
mechanism are activated by a machine operator who checks the 
paperwork that comes along with the delivery. Each reel has an 
identification tab which is used to keep track of the reel from the 
moment it enters the system.  

3.2 Alignment Machine

The Alignment Machine is to invert the paper reel from a 
vertical position to a horizontal position. The reel will remain in 
this alignment for the remainder of its production process. The 
reels are placed into the machine by a forklift at the Alignment 
Machine. When the succeeding station (i.e. Cutter) is available, 
the Alignment Machine is triggered to move the closest available 
reel into a horizontal position on the conveyor belt. This conveyor 
belt then moves the reel into position under the Cutter station. The 
time for the reel to be positioned in the horizontal orientation on a 
conveyor belt, unloaded and returned to ready position is 
approximately 92 seconds. 

3.3 Cutter

The function of the Cutter is to hold the reel in a stationary 
position and allow the operator to strip the outer cardboard 
coating and temporarily fix the paper to the outer surface of the 
reel. The duration for this task rests on two factors, namely the 
speed of the operator, and the efficiency of the machine down 
line. Again the performance of the next machine Reel Preparation 
also dictates the speed of the Cutter together with the operator 
performance. The time taken to process the reel through the 
Cutter position was found to be approximately 152 seconds (2 
min 32 sec). This is true only when the proceeding machine is in 
idle mode.  

3.4 Reel Preparation

Reel Preparation prepares the reel for press intake. This 
includes the following steps: 

Shed 2-3 layers of paper from the reel  
Attach a double sided tape to the reel  

Perforate the side of the join intended to tear during splicing  
Splicing is the terminology used when the old reel (running 

into the press) is immediately attached to the new reel. Once the 
two papers are joined the old feed is terminated and the new reel 
becomes the sole feeder. According to measurement, the average 
duration for the processing at the Reel Preparation machine is ~ 
221.80 seconds. 

It is observed that the Cutter often has to wait for the Reel 
Preparation machine to finish its job before passing another reel to 
it. One possibility to eliminate this idle time is to reduce web-
brakes. However, this may cause a problem with moisture content 
of the paper. When the paper is prepared, it is stored in the 2nd

WIP inventory area where it begins to dry out slowly. This rate of 
drying is dependent on external humidity conditions. When the 
paper dries, it becomes rigid, and as it passes through tight bends 
in the press and is exposed to ink and water, the chance of causing 
a break increases.  

3.5 Simulation Model for Division One

For consistency of simulation runs, it is important to set some 
ground rules that will be vital for the interpretation and set of 
many variables that occur during a normal production run. The 
simulation model for the first division of the production process is 
shown in Figure 2. 

The following factors are considered: 
Although in reality, demand fluctuates due to unforeseen 
factors, a set (fixed) demand is used for the simulation.  
Work shifts, breaks, sick leave and any other external 
influence to the process are not included in the model because 
they are required irrespective of system efficiency and hence 
will not affect the simulation outcomes. 
Startup waste, which should have been done outside of the 7.5 
hours time restriction, is not included. 
Breakdown frequency has not been allocated separately, but if 
a breakdown did occur during the recording of machine 
performance, it would have been incorporated in the final 
results.

Fig. 2. Simulation for division one processes 

3.1.  Reel delivery

3.2.  Alignment Machine

3.3.  Cutter

3.4.  Reel preparation

3.5.  Simulation model for division one

3.  Division one
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Table 1. 
Initial values of three simulations 

 Sim 1a Sim 1b Sim 1c 

Reel delivery    

# of reels per 
delivery 16 reels 16 reels 16 reels 

# of deliveries 
per day 

10
deliveries 

20
deliveries 

20
deliveries 

time between 
deliveries 1 hour 0.5 hour 0.5 hour 

total reels in 
system 160 reels 320 reels 320 reels 

B and C Line    

Process time 0.5 hrs per 
reel

0.5 hrs per 
reel

0.5 hrs per 
reel

# of resources 6 print 
towers each 

6 print 
towers each 

9 print 
towers each 

Entity    

- VA (Value 
added) time 0.7799 hrs 0.7801 hrs 0.7798 hrs 

- Wait time 0.2715 hrs 1.8500 hrs 0.3726 hrs 

- Total time in 
process 1.0513 hrs 2.6301 hrs 1.1524 hrs 

- WIP ~16 entities ~58 entities ~33 entities 

Waiting times    

- Cutter 0.0753 hrs 0.0781 hrs 0.0758 hrs 

- Reel 
Preparation 0.0671 hrs 0.1750 hrs 0.2955 hrs 

- Alignment 
Machine 0.0910 hrs 0.0913 hrs 0.0914 hrs 

- B and C folder 0.0357 hrs 1.4913 hrs 0.0000 hrs 

Calculations    

- VA time 
efficiency 74.18% 29.66% 67.67% 

The snapshot is taken between 2-3 hrs of operation. The 
numbers adjacent to “Tuck reel delivery A” and “End product A” 
indicate the accumulated total of entities that have passed the 
process. The other numbers indicate the number of entities that 
are present at that time in a queue waiting to be processed by the 
machine.  

Having set up the simulation and entered the constraints for 
the processes three separate testing sessions were run. The first 
simulation is set with the control limits and results as shown in 
Table 1. 

3.6 Discussion of Simulation of Division One

From Table 1, the peak increase in the queue time for the Reel 
Preparation station. This would not be an issue if all processes had 
increased by the same amount but having a look at this 
information in a graphical representation, the limitations of the 
Reel Preparation machine is clearly shown in Figure 3.  
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Fig. 3. Representation of queue times across three tests 

From Figure 3, the increase in the queue time for entities to be 
processed by the Reel Preparation can be seen to be affected by 
the change in the process conditions. At its highest point, the 
queue time has increased by more than 4 times the initial waiting 
time. The stationary values of the other processes in the system 
show they are capable of still performing relatively the same 
given the different conditions. It thus confirms that Reel 
Preparation is the first station to immediately show fatigue and in 
this position of the process it is the bottle neck of production.  

In reality, this scenario has been prepared for by the inclusion 
of the 2nd stockpile. This is capable of storing a maximum of 148 
reels at any given point and as production is not continuous 
during the day (mainly concentrated at night), the process can 
catch up by increasing the number of available reels in the 2nd

stockpile during non-production times. The results obtained from 
other machine sections in the process appear to adapt relatively 
well with the increased work load and thus Reel Preparation is the 
station that needs immediate attention.  

As it appears the presence of the 2nd stockpile might be a 
viable solution for the low Reel Preparation performance on the 
short-term perspective. During times of non-production, the Reel 
Preparation would successfully fill up the WIP inventory so it can 
be used at full capacity by the press during production. Thus the 
change analysis is to decide the optimum WIP capacity to supply 
enough material to the press for its full production capacity.  

However, this tactic caused problems which required more 
regulatory control and additional costs. In a high speed 
automation industry, optimum level of machine and raw material 
performance is vital for the continual smooth production flow. 
With this, whilst the reels were waiting in the WIP bay, the dry 
external atmosphere caused the outer most layer of the paper reel 
to dry up and lose its moisture content and thus become slightly 
more brittle. With this condition, when the reel is uploaded into 
the system, the lack of optimum condition would hinder the full 
potential of the paper and thus increase the probability of a web-

3.6.  Discussion of simulation of 
division one
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brake. To stop this from happening, another system is required 
that involve the purchase and installation of chillers, boilers and 
humidifiers. The aim is to replace the moisture in the immediate 
atmosphere to reduce (or ideally stop) the moisture loss from the 
reels.  

4 division two 

Division two processes involve the printing process and the 
first stage of the packaging process (involving the compilation of 
different books) and the second stage of the packaging process 
(involving formation of bulk) ready for the truck driver delivery. 

4.1 The Press

The purpose of the press is to move the paper from the reels 
through the print tower where four basic colors (black, magenta, 
yellow and blue) are printed in their designated areas. From here 
the continuous feed of paper enters a complex network of rollers 
which fold the paper and arrange it in the correct order for the 
pages. After the arrangement is complete, the paper is then fed 
through the folder where the paper is cut into its units and folded. 
The complete paper is then passed out of the folder and collected 
by the conveyor “grippers” that transport the complete book to the 
post press area of the facility. 

Very rarely all three presses are run simultaneously. Due to 
complexity and speed of production, a high level of maintenance 
is required. One press is routinely placed on maintenance for an 
entire week. Thus the turnaround for each press for maintenance 
is always 3 weeks. Figure 4 shows the printing performance on a 
particular day as recorded by the automatic counting system. 

From Figure 4(a), D-press started production slightly before 
10:46pm and B-press started production slightly before 11:11pm. 
The total print order of +250,000 was reached just after 2:30am. 
In addition to this, a section where the gradient is 0 indicates a 
stoppage or breakdown (sometimes due to a web-break). Also the 
variation in the gradient slope shows a variation in the rotational 
speed of the press. Processing the same information but in a 
different way gives Figure 4(b). 

In Figure 4(b), we can see that on this occasion C-press is not 
operating most likely due to routine maintenance. In addition to 
this the performance of both B and D press shows the maximum 
attainable speed is 50,000 copies/hour. The print is on “straight” 
which mean from every rotation two copies are produced, thus the 
rotational speed of the press is at 25,000 revs/hour. It is noted that 
the press at optimum condition (temperature, viscosity, pressure, 
moisture content of paper etc) is 37,500revs/hour, which 
translates to a utilization of 67%. In other words the machine has 
the potential to improve its performance by almost a third. 

Data similar to Figure 4 are acquired everyday over the four 
week period. Analysis of the data showed that a simple mean 
value would not represent the performance of the press. Instead a 
triangular distribution would be more accurate to the performance 
of the press. Each press was analyzed individually over the testing 
period and the results are shown in Table 2. 
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Fig. 4. Performance measures 

Table 2. 
Triangular values representing press, drum, winder and Counting 
and Packaging performance (in ‘000 copies per hour) 

  B Press C-Press D-Press 
Press  Max 58.00 60.00 64.00 
 Mean 48.33 49.33 53.46 
 Min 30.00 29.00 30.00 
Drum Max 40.00 47.00 48.00 
 Mean 33.50 37.47 41.67 
 Min 24.00 33.00 32.00 
Winder Max 21.48 23.31 23.94 
 Mean 20.93 22.14 23.25 
 Min 20.36 21.56 21.58 
Counting
and
Packaging 

Max 21.48 23.31 23.94 

 Mean 20.93 22.14 23.25 
 Min 20.36 21.56 21.58 

4.2 The Sorting Line

Product enters the winder so that it may be arranged onto a 
“cassette” unit. Once the cassette is formed it can be moved 
through the Automated Storage and placed in an un-winding 
station and fed into the drum where it is combined with other 
papers. The product entering the winder could be conveyed from 
the press towers or fed directly through “hopper feeders”, 
specified machines that are operator controlled and convert 
product from a pellet to the cassette.  

4.1.  The press

4.2.  The sorting line

4.  Division two
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The purpose of the Automated Storage is to hold the printed 
material temporarily before passing through the packaging 
machines. It also holds foreign material until its release date and 
then allows the book to be incorporated with the final product. 

In Figure 5, the printed paper travels from the press to the 
Drum, Counting and Packaging or Winder. When it enters the 
drum the printed paper is combined with other sections (stored in 
Automated Storage and released by un-winder) to form the 
complete paper and leaves the Drum. It is then taken to the 
Counting and Packaging. The Drum statistics are also recorded by 
the counting system every 5 seconds.  

Drum run analysis across B, C and D line
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Fig. 5. Production performance of Drum across the sorting lines 

As shown in Figure 5, the drum in all three lines achieves a 
maximum of almost 30,000 copies/hour. The vertical drops in the 
graph show areas where production is at a halt due to a jam or 
breakdown. We can see the Drum has a much larger number of 
breakdowns for the same production time when compared to the 
Press. As each stoppage might be due to different reasons the 
sheer volume of the stops during production should attract 
attention to how maintenance is carried out and begin an 
investigation into the causes of these stops.  

Due to the frequency of change in the rate of production in the 
Drum, the best form of representation in the model is the 
triangular distribution and has the values as shown in Table 2. 

The Winder performance relies heavily on the machine before 
it. The performance of the winder was studied separately (not 
available using the counting system) and it was determined a 
triangular distribution will most accurately represent the 
performance of the machine. The values are shown in Table 2. 

4.3 Counting and Packaging (C&P)

Paper from the Drum is transported to the Counting and 
Packaging through the gripper conveyor line and enters the 
Counting and Packaging machines in a series form. For example, 
if the bulk size is 18 units, the first 18 papers arriving at Counting 
and Packaging are deposited into a holder. The flow delivery 
continues and delivers the next 18 units to the next Counting and 
Packaging and so on. Once all three Counting and Packaging 
receive their product the process is repeated. The actual delivery 
mechanism is more complicated, but for our analysis this simple 
version is sufficient to view any flaws in the system.  

Aside from B-line which has 4 Counting and Packaging’s in 
series, both C and D-line have 3 Counting and Packaging’s in 
series. Having analyzed the Counting and Packaging performance 
through the 4 week period, the triangular distribution best suited 
the data and reflected the high frequency areas and minimized the 
small breakdowns (Table 2). The completed bulk from the 
Counting and Packaging is passed to the designated bay outlet 
where the delivery truck is waiting. 

4.4 Simulation Model of Division Two

Simulation of the production process (division two) was 
carried out from the Press and ending at the truck pickup. 
Simulation parameters are set based on the constraints obtained 
from the 4-week testing period as discussed in previous sections. 
Figure 6 shows the arrangement of the simulation. 

Fig. 6. Simulation for division two processes 

For the analysis of Division Two of the production process, 
three scenarios were tested. The detail parameters are shown in 
Table 3. 
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Fig. 7. B, C and D counting and packaging speed performance 
frequency distribution 

4.5 Discussion of Simulation for Division Two 

In Figure 7, there is a bell shaped increase between 22.000 
copies/hour and 31.000 copies/hour for C and D Counting and 
Packaging. There are also three distinct peaks in the B-Counting 
and Packaging performance at 16.000, 23.000 and 28.000 
copies/hour. The question is: if the B-Counting and Packaging has 

4.3.  Counting and Packaging (C&P)

4.4.  Simulation model of division two

4.5.  Discussion of simulation for 
division two
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the capability to perform very well at 28.000 copies/hour then 
why is it not maintained at that level? One reason for the three 
different speeds can be that they occur during the three different 
shifts. If this is so, communication and training would be the areas 
of weakness.  

Table 3. 
Simulation 2 parameters. 

 Run 2a Run 2b Run 2c 
Bulk size 15 units 20 units 20 units 
Total order 
(books)

30,000 30,000 30,000* 

Number of bulks 
produced

1,998 units 
(at 15 
books per 
bulk)

1,500 units 
(at 20 
books per 
bulk)

3,000 units 
(at 20 
books per 
bulk)

B line drum queue 152.98 151.74 732.78 
B line Counting 
and Packaging 
queue

0.00 0.00 0.00 

Bulk information 
B queue 

0.8121 1.1031 1.1009 

Bulk information 
C queue 

0.6579 0.8915 0.8930 

Bulk information 
D queue 

0.6394 0.8671 0.8636 

C line drum queue 40.2762 40.2231 510.48 
C line Counting 
and Packaging 
queue

0.00 0.00 0.00 

D line drum queue 50.9238 50.1078 508.80 
D line Counting 
and Packaging 
queue

0.00 0.00 0.00 

* Printing unit capacity increased two fold 

The number of books per bulk (for each print run) is decided 
by personnel working in the Post-Press area. Work safe regulation 
prevents the weight of the bulk from exceeding 16 kg. But the 
number of books per bulk is a vital formulation that dictates the 
duration of the production. However, the operator did not 
understand the impact this decision has on the production 
duration. Figure 8 shows the bulk size used for production in a 
sample period. 

Table 4. 
Production run statistics with different bulk size for 300,000 
 Current Option1 Option2 Option3 

Bulk size (# copies) 15 18 19 20 
Bulk weight (kg) 14 15 15.5 16 
Weight per copy 
(gm)

933 933 933 933 

Time/bulk at B-C&P 15.46 17.74 18.50 19.26 
Time/bulk at C-C&P 9.50 10.90 11.36 11.83 
Time/bulk at D-C&P 12.04 13.15 13.52 13.88 
# of bulk 20,000 16,667 15,789 15,000 
Average time/bulk 1.23 1.38 1.44 1.49 
Production time (hrs) 6.82 6.40 6.30 6.20 
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Fig. 8. Bulk size analysis against insert weight and bulk weight 

For a production run of 300,000 units and operating all three 
lines at their full capacity, Table 4 shows the production run 
(assuming no breakdowns) will be approximately 6 hrs 49 
minutes assuming a bulk size of 15 units totaling 14kg. 

However if we were to use the same weight paper and 
increase the bulk size so that it is at 16kg. Analysis of the model 
shows that the total production time will be approximately 6 hrs 
12 minutes, which is an effective 37 minutes drop just by 
changing the number of bulk (Table 4). The advantages of this 
bulk size are: 

energy consumption reduction (electric, natural gas etc) 
working wages reduction (overtime, casual staff etc) 
maintenance frequency increase (to gradually reduce 
breakdown frequency) 
production time decrease and less pressure to meet deadline 
The cost to implement this change is zero and can be done 

successfully by allowing the decision to be done by a person in 
management who sets the size of the bulk closer to the 16kg 
mark. Taking the recorded information for all production through 
the 4-week period and comparing the performance of the drum 
and Counting and Packaging (in same line) the relationship 
between the drum and Counting and Packaging in all three lines 
was obtained in Figure 9. 

Fig. 9. Relationship of performance between drum and Counting 
and Packaging across B, C and D line 
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From Figure 9, two areas of concern can be seen: 
In all three cases the performance of the drum is less than its 
Counting and Packaging. This shows that the limiting factor 
in this part of the process is not the packaging Counting and 
Packaging’s but the drum itself.  
There is a distinct lower shift of all values of the B-line drum 
and Counting and Packaging. Each line contains the same 
drum and in addition B-line has an extra Counting and 
Packaging. The extra Counting and Packaging does not 
improve the performance of the line and can be seen as 
useless. The reason for the low performance of the B-drum 
can be drawn back to Figure 7 where there were three distinct 
peaks for the Counting and Packaging and so can be a result 
of the performance of the drum directly in front of the 
Counting and Packaging’s. The reason behind the separate 
values is in fact due to the machine operator, training and 
communication should be targeted to improve the 
performance of operation equally across all three shifts.  
In this division of the production process, three areas have 

shown to retard the production capability and thus are the key 
areas of improvement. The three areas of concern are the control 
of the book number per bulk, a closer look at the drum machine 
performance and a further investigation in determining the reason 
for the three peak frequency values of the B-line Counting and 
Packaging.  

From the values of the simulation, the most considerable 
difference is the queue time for the “B line drum queue” 
previously being an average of 151.74 seconds (at current level) 
increasing to 732.78 seconds when only the number of entities 
was doubled. Ideally if the process could cope, doubling the 
number of entities would double the queue time, but in this case it 
has affected the queue time for the B-Drum by almost 5 times. 
This again verifies the B-drum needs attention as it will not 
perform well in times of increased work.  

For further verification, the queue time for both C and D drum 
also increased. However the queue time for the “Bulk formation” 
was not affected with the increase in work. This shows the 
Counting and Packaging’s are capable of handling a work 
increase but it is clearly the drum that is the bottleneck of this 
section of the production process.  

5 RECOMMENDATIONS

With the model being evaluated under different conditions, 
several recommendations were made to the management. 

5.1 Elimination of WIP inventory

As seen from the analysis of the results obtained, the area in 
need for improvement was the Reel Preparation station. It is 
proposed to eliminate the 2nd stockpile (WIP inventory) and 
increase capability of Reel Preparation station by installing two 
additional Reel Preparation machines. The advantages and 
disadvantages of changing the system are: 

Reduction in web-brakes 

Cost savings due to reduced overtime work, reduced energy 
consumption for extended production, reduction in waste, 
reduction in energy consumption to maintain atmosphere 
humidity.  
Less immediate floor space availability for future 
developments
Reduction in WIP inventory capacity 
If a quality breach was to occur and all processed reels would 
need to be taken out, a capacity of 4 Reel Preparation 
machines would quickly process new reels and start 
production in half the time it would take with only 2 Reel 
Preparation machine. 
The disadvantages of this approach are the costs of two 

additional Reel Preparation machines plus the costs of software 
upgrades and corresponding modification of conveyor belts to 
additional Reel Preparation stations. 

5.2 Preventive Maintenance 

As investigated in all our analysis the production rate of the 
drum in terms of copies per hour continually lagged Counting and 
Packaging. This shows that while the drum may be rotating at the 
desired speed, the quantity of paper exiting the drum is nowhere 
near what it should be. The reason for this would be the frequent 
jamming of books in any of the 45 slots of the drum thus 
rendering the entire slot inactive for the duration of the operation. 
Eventually more slots become jammed until the operator stops the 
process, clears the jammed material and restarts the process.  

This is an issue of paramount importance as the machinery 
cannot be efficiently used when it regularly has jams and is 
required to stop the entire process for clearing up the jammed 
product. More attention is needed towards this machine during 
times of preventative maintenance to discover the source of these 
jams and then analyse a possible solution.  

Definitely more maintenance should be assigned, but in 
addition a better recording measure should be implemented where 
the slot number for the jam is recorded and later analyzed for any 
possible patterns that may develop. It is recommended that a 
standard reporting procedure will be implemented with continual 
performance assessment. As it is the bottleneck area, maintenance 
on drum is increased. 

5.3 Change of bulk size 

The parent control to the duration of production is the size of 
the bulk. Table 5 shows the control of the bulk size and weight 
throughout a period in May. 

In 3 days of the month, the bulk weight was less than 12 kg, 
which is 4 kg less than the target allowed weight. Combined with 
Table 4, we can see that if the bulk size was chosen accurately 
and closer to the 16kg limit, the total number of bulk produced 
would be less by almost 5,000 units and the production time 
would be approximately 37 minutes less. 

This important factor to the production performance is 
decided by persons who welcome overtime and are outside 
management. It is recommended to move this responsibility to 
management is a simple procedural change but will reduce the 
total production duration immediately.  

5.2.  Preventive maintenance

5.3.  Change of bulk size

5.1.  Elimination of WIP inventory

5.  Recommendations
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Table 5. 
Bulk size record during May 

Bulk
Size 

Bulk
Weight

(kg)

Bulk
Size 

Bulk
Weight

(kg)
1 May 52 14.7 16 May 36 14.2 
2 May 38 14.9 17 May 41 14.4 
3 May 37 14.5 18 May 52 14.6 
4 May 50 14.6 19 May 19 14.2 
5 May 18 14.3 19 May 25 14.5 
5 May 23 14.0 20 May 18 11.2 
6 May 20 11.4 21 May 68 14.3 
7 May 62 14.3 22 May 60 14.4 
8 May 35 14.3 23 May 39 14.4 
9 May 32 14.3 24 May 40 14.7 
10 May 42 14.3 25 May 46 14.4 
11 May 36 12.2 26 May 17 14.2 
12 May 18 13.9 26 May 24 13.9 
12 May 25 14.0 27 May 20 11.2 
13 May 22 12.5 28 May 64 16.0 
14 May 60 14.4 29 May 44 13.9 
15 May 51 14.4 30 May 37 14.8 
   31 May 38 14.0 

5.4 B-Counting and Packaging speed 
variation

Figure 9 included processing over 28,000 separate value 
points from the information collected by the automatic counting 
system over the 4-week testing period. The presence of three 
distinct peaks in Figure 7 is but a clear indication of the three 
distinct speeds that Counting and Packaging is running at.  

The reasons behind this difference can be one of the 
following:

Lack of maintenance 
Mechanical fault (e.g. wearing out of a bearing) 
Human interference from machine operator 
The first two areas would definitely reduce the performance 

of that machinery, but will not allow three separate speed levels to 
be run. Looking closer at the human interference it is suspected 
that this phenomenon is due to three different work shifts. It is 
recommended to separate production records of the 3 shifts. 

6 CONCLUSION
Lean manufacturing is to reduce or ultimately eliminate 

waste. For high speed manufacturing systems involving 
significant investment, it is necessary ensure improvement  

changes are planned carefully to minimize risks. To achieve this 
goal, it is necessary to analyse the manufacturing process in 
sufficient detail and the best method is to simulate the model for 
deriving performance indicators in the new setting. This is created 
in a discrete simulation environment based on values obtained 
from the actual production process. The results of simulation 
show the optimized operation parameters and the operating 
parameters that can be used in the real manufacturing system. 
Four of the six recommendations were immediately accepted by 
the management while the two remaining recommendations were 
further investigated to clarify the anticipated benefits. 
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