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The aim of this report is to analyse the performance of a Festo Cyber-Physical (CP) Laboratory to identify waste and opportunities to lean out the process, using discrete event simulation (DES) software to model and evaluate the current state of the CP Laboratory.
[bookmark: _Toc241950905]Objectives
The objective of this report is to develop a DES model reflective of the current state of the process, identify where waste occurs and value is added in the process and evaluate the laboratories key performance indicators such as cycle time, resource utilisation and throughput alongside identifying opportunities to optimise the process based on the DES findings and estimate their impact from the simulation results.

[bookmark: _Toc241950906]Background
DES is well suited to manufacturing and production environments where entities move between stations, resources have finite capacity and variable processing times. By modelling and simulating processes over time, DES allows the dynamic behaviour of processes to be observed and analysed without disrupting the real-world operations (Robinson, 2004).
DES builds on queueing theory, which describes how entities arrive, wait for and are processed by limited resources. Where analytical queueing and Markov chain models become impractical, such as finite capacity, replenishment and variable processing times, DES simulates the process as a series of discrete events. This allows starved stations (waiting for parts) to be identified alongside queues and waiting times, rather than relying on utilisation figures alone, which can fail to identify bottlenecks (Roser, Nakano and Tanaka, 2003).
Using DES offers a practical means of supporting lean process improvements. By capturing the time an entity spends within each process step, a model can distinguish value-adding activities from non-value-adding and waste activities (Womack and Jones, 2003). Combined with key performance indicators such as cycle time, throughput and resource utilisation, this provides data-driven improvement opportunities that can identify where bottlenecks frequently occur and evaluate improvements prior to implementation. 

[bookmark: _Toc241950907]DES Setup
The CP Laboratory is a modular, automated production system with conveyors used to transport parts between stations. Each station can process only one entity at a time due to resource availability for example the drilling station is limited to one drill rather than separate drills dedicated for drilling 2-holes and 4-holes respectively. To accurately represent the CP Laboratory process with this resource constraint, the following DES model was designed (Figure 1), which was aligned with the timings provided in Figure 2.
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[bookmark: _Toc241950828]Figure 1: Model Setup
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[bookmark: _Toc241950829]Figure 2: Process Timings
The model was created in Arena using a combination of modules and as illustrated in Figure 1 the model comprises six stations, Camera Inspection, Drilling, Top Cap Dispensing, Hydraulic Press, Label Printing and the Part Trays/Output Station. 
Lean thinking considers waste to be any activity or condition which consumes time or resources without adding value to the final customer (Womack and Jones, 2003). Waste can be grouped into eight categories, remembered by the acronym DOWNTIME standing for: defects, overproduction, waiting, non-utilised talent, transportation, inventory, motion and extra-processing. Within a DES model a waste can only be identified if the model has been designed to capture it. As a result, the CP Laboratory was built to record where each waste occurs and to separate the time in which value is being added to an entity using the following modules.
To ensure entities progress through the process one at a time, hold modules are used to check the number of entities (work in progress, WIP) at corresponding process modules. This is particularly relevant at the Drilling, Top Cap Dispensing and Part Trays/Output stations where the hold module checks multiple corresponding process modules preventing entities from being progressed until no entity is using a resource within the station or a replenishment process is being performed (Figure 3). The hold modules are also used to capture waiting and inventory waste, as they can record how long each entity is held and how many entities are being held at each station, while idle stations awaiting entities to be processed can be captured by the resource utilisation, both of which are visualised in Figure 1 by the parts queued and utilisation counters. 
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[bookmark: _Toc241950830]Figure 3: Hold Module
In addition to the hold modules described above, process modules are used in the model to represent the processing time within each station and the variation in time for an entity to progress through each station. Furthermore, the process module allows for categorisation of the process step as value-adding or non-value-adding alongside assigning resources to identify if an entity was passed through the 2-hole or 4-hole process (Figure 4).
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[bookmark: _Toc241950831]Figure 4: Process Module
As displayed in Figure 4, the drilling, top cap dispensing, hydraulic press, label printing and output stations are considered value-adding as they alter the part, whereas the camera inspection (extra-processing) and replenishment processes (motion) are non-value-adding but are viewed as necessary to complete the process.
Similarly, delay modules are used within the model to represent the movement time between stations capturing transportation waste. This time is recorded as transfer time rather than a value-adding or non-value-adding step, as despite not altering the part this movement time is required for an entity to be progressed through the automated process (Figure 5).
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[bookmark: _Toc241950832]Figure 5: Delay Module
To ensure all timings are reflective of those in Figure 2, the create module at the start of the DES model which represents the entities entering the CP Laboratory from the robot assembly was configured using a triangular expression, like the process modules (Figure 6). The create module introduces entities independently regardless of the status of stations downstream and determines whether overproduction occurs. 
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[bookmark: _Toc241950833]Figure 6: Create Module
Decide modules are used in the Drilling, Top Cap Dispensing and Part Trays/Output Stations to determine the number of holes to drill or whether a replenishment process should be performed (Refill Top Cap Dispense/Remove Parts and Introduce a New Tray). Two types of decide modules are used; 2-way by chance at the drilling station which assigns a 60% probability for the entity to have 2-holes drilled and an N-way by condition which reroutes entities based on a variable’s current value, which for this model checks the number of available top caps in the dispenser and spaces on the part trays is greater than or equal to 1. The corresponding replenishment process is then triggered prior to the next entity reaching that process step (Figure 7).
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[bookmark: _Toc241950834]Figure 7: Decide Module
For the N-way by condition decide modules to function correctly they have been paired with assign modules, which adjust the value of the variables that the decide modules check. This is done in two ways. First, each time a top cap or part tray space is consumed the assign module following that process step reduces the corresponding variable by 1. Second, once a replenishment process has been completed the assign module which follows the respective process restores the variable to its original value, 10 for the top cap dispenser and 4 for available part tray spaces (Figures 8-9).
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[bookmark: _Toc241950835]Figure 8: Assign Module (Consumption)
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[bookmark: _Toc241950836]Figure 9: Assign Module (Replenishment)
Lastly, the model uses record modules to create variables to support analysis of process performance at various points within the CP Laboratory. For this model, record modules were used to calculate each station’s throughput by dividing the number of entities processed by the total time elapsed (Figure 10).
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[bookmark: _Toc241950837]Figure 10: Record Module
During the construction of the model an assumption was made that resources are restricted to their own station for example, the Top Cap Dispenser and Top Cap Refill process sharing resource local to the Top Cap station rather than the replenishment processes sharing resources (Top Cap Refill and New Part Trays). Additionally, resources are assumed to be available instantly once a process step has been completed and that no equipment breakdowns, defects or rework are performed. Finally, all stations are assumed to operate without planned downtime throughout the simulation and all processing/transport times to always fall within the triangular distributions specified in Figure 2. 
As a result of these assumptions only six of the eight DOWNTIME wastes can be identified with the DES model with defects and non-utilised talent falling outside the scope of the analysis, as the process is automated and performed by robots with entities assumed to be processed first time through.



[bookmark: _Toc241950908]Simulation Analysis
The CP Laboratory model was simulated for a single replication with the simulation running for 2 hours 50 minutes 40 seconds (2.8446 hours) with the model status at that instant in time seen in Figure 11 below.
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[bookmark: _Toc241950838]Figure 11: Simulated Model
As discussed in the assumptions, resources are available instantly with the simulation starting from empty with no warm-up period and feeding the camera module. Over the course of the simulation 568 entities were released into the CP Laboratory from the robot assembly, of which 420 entities completed the process from start to finish with the remaining 148 entities in WIP. The 420 parts which completed the process equate to an overall throughput of approximately 148 parts per hour, or one part every 24 seconds. However, the average entity spent 24 minutes 57 seconds to be processed through the CP Laboratory, ranging from 1 minute 25 seconds to 44 minutes 19 seconds. A breakdown of an entity’s time in the CP Laboratory split by category (value-adding or non-value-adding) is provided in Table 1 below.
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Of the average time 24 minutes 57 seconds an entity took to be fully processed 23 minutes 6 seconds (92.6%) was found to be from entities waiting in queues with 97% of the waiting time coming from the drilling station’s queue alone, which had an average wait time of 22 minutes 21 seconds. In contrast, the average wait at every other queue was under 31 seconds with no queue forming at the camera inspection or label printing station’s. 
This waiting also highlights overproduction and inventory waste. Of the 148 entities in WIP, 141 were within the drilling station’s queue showing that entities are being introduced into the CP Laboratory at a rate faster than they can be processed. This causes partially completed work to accumulate in the queue, not progressing to completion, tying up the process without adding value. 
The second largest waste was determined to be transportation, with entities spending 39.2 seconds being transferred on conveyor belts between stations equating to 2.6% of the average entities processing time. However, unlike waiting, this is the same for every entity regardless of queue size as the layout is fixed. Additionally, a combination of extra processing and motion waste adds a further 20.9 seconds per entity on average, but if an entity coincided with both replenishment processes it could be delayed by up to 2 minutes 43 seconds.
This results in only 50.8 seconds (3.4%) of the average processing time being value-adding where the drilling station contributes the most value-adding time with an average processing time of 24 seconds (47%), although this is dependent on the number of holes being drilled, with 2-holes taking approximately 18 seconds and 4-holes approximately 33 seconds. The drilling station is then followed by the hydraulic press taking 12.3 seconds (24%), label printing for 7.3 seconds (14%), output station at 4.3 seconds (8%) and top cap dispensing station at 3.1 seconds (6%).
Knowing the length of time within the process where value is being added the process cycle efficiency (PCE), calculated as value-adding time divided by total cycle time, is found to be 3.4%, meaning an entity spends roughly 29 times longer being processed than the time spent adding value to the entity. Excluding the time spent in queues waiting, the PCE rises to 45.8% (50.8 seconds of 110.9 seconds). As 97% of the waiting time occurs at the drilling station queue this demonstrates that the inefficiency of the process is caused by the queuing specifically at the drilling station.
As shown in Table 2, the throughput of the camera inspection station is approximately 200 parts per hour, matching the rate at which entities enter the CP Laboratory.
At the drilling station this sharply falls to approximately 150 parts per hour, with every downstream station matching the drilling stations throughput because they are fed by the drilling station rather than sharing its capacity. This single reduction in throughput indicates that the drilling station is limiting the overall throughput of the CP Laboratory and is a bottleneck inside the CP Laboratory, operating 50 parts per hour slower than entities arrive causing its queue to progressively grow the longer the process runs and starving downstream stations.
[bookmark: _Toc241950821]Table 2: Station Throughput and Utilisation
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Moreover, this is supported by the utilisation percentage in Table 2, which confirms that the drilling station is the only resource which is consistently busy. As the 2-hole and 4-hole resources represent the same drill, so their utilisation is combined. Additionally, the drilling station’s utilisation value is drastically higher than next most utilised station with all the other stations at less than 51% utilisation, with the camera inspection (14.5%) reflecting the rate in which entities arrive, while top cap dispensing (12.7%) and the output station (17.5%) are idle for most of the simulation suggesting these stations are starved of entities.
Focusing on the replenishment processes, the top cap refill and tray replacement process are utilised 49.8% and 26.7% respectively. This is despite occurring 42 and 104 times rather than per entity, as these replenishment processes take far longer than a normal process step. Refilling the top cap dispenser takes approximately 121 seconds compared to the 3 seconds to dispense a cap. The simulation results show that the dispensing station recorded a maximum queue of 6 entities with a wait of 119.5 seconds. Spreading this time over 10 top caps adds approximately 12 seconds per entity giving the station an effective time of 15 seconds per entity (237 parts per hour). This currently does not constrain throughput, as the station with replenishment operates faster than the drilling station over 10 entities, but it makes the top cap dispensing station the most probable bottleneck if the drilling station’s limitations were removed.




[bookmark: _Toc241950909]Opportunity Identification
The simulation results illustrate that the current state of the process is primarily hindered by a single waste, waiting, which accounts for 92.6% of an average entities cycle time. The opportunities identified below address this waste, but as their impacts were not modelled, the figures provided are theoretical estimates based on the results observed of the current state model (Figure 11).
A possible way to reduce this waiting time and the queues forming is to reduce the rate at which entities enter the CP Laboratory to match the throughput of the drilling station, lowering it from approximately 200 to approximately 150 parts per hour. This would reduce entity waiting times, prevent the queue progressively growing at the drilling station and lower the mean entities cycle time. However, this would not improve the laboratory’s overall throughput as it would remain at approximately 148 parts per hour and the drilling station would remain the bottleneck with downstream processes starved so is not recommended.
An opportunity which would increase the overall throughput of the CP Laboratory is to increase the drilling station’s capacity, as its current utilisation is 99.9%. There are two approaches identified, both of which involve introducing a second drill. This is because at 200 parts per hour an entity arrives every 18 seconds, and with an average drilling time of 24 seconds the station requires approximately 1.33 drills to keep pace with arriving entities and remove the bottleneck.
The first approach is to have dedicated drills for 2-holes and 4-holes. With 60% of entities requiring 2-holes, this would give an expected utilisation of 60% and 73% respectively at 200 parts per hour. However, the workload between the drills would be unbalanced, limiting the capacity to approximately 273 parts per hour by the dedicated 4-hole drill, with 4-hole entities queueing for their dedicated drill to become available even if the 2-hole drill is idle. The second approach involves having identical drill setups, with both capable of drilling 2-holes and 4-holes with entities able to go to whichever drill is available. This would give an expected utilisation of 67% for both drills and an expected capacity of approximately 300 parts per hour. 
Either approach is expected to largely remove the drilling station’s queue and 22 minutes 21 seconds average waiting time and increase throughput to match the arrival rate of entities, removing the current bottleneck. Of the two approaches, the second is preferred as it provides a greater capacity if the arrival rate were to increase and prevents queues forming while a drill is idle.
Once the drilling station is improved, the expected next constraint on the CP Laboratory is the top cap dispensing station, as entities will arrive at approximately 200 parts per hour rather than 150, triggering the 121 second refill process more frequently. This would not be a bottleneck at 200 parts per hour as taking the previous effective time of 15 seconds means the top cap dispensing station including refill can accommodate 237 parts per hour and not limit the overall throughput. However, its utilisation (dispensing 12.7% and refill 49.8% in Table 2) would be expected to rise from approximately 63% to approximately 84%, so any queue formed during a refill could be cleared before the next is required, but it would become a bottleneck if the rate at which entities arrived were to be increased.
To address this constraint, the dispenser’s capacity could be increased to 20 caps. It is assumed that the time taken to perform the refill remains the same as in the current state, at approximately 121 seconds, despite the increase in capacity. Under this assumption, the effective time would drop to approximately 9 seconds per entity (a capacity of approximately 400 parts per hour) and halving the number of refills required, which would be expected to halve the average waiting time per entity at the dispensing station.

[bookmark: _Toc241950910]Conclusion
This report used a DES model of the Festo CP Laboratory to identify waste and opportunities to lean the process. Simulating the current state showed that the process had a throughput of approximately 148 parts per hour, with an average cycle time of 24 minutes 57 seconds after simulating for 2 hours 50 minutes 40 seconds. 
Waiting was the dominant waste, accounting for 92.6% of the cycle time and reducing the CP Laboratory’s PCE to 3.4%, with 97% of the waiting occurring in the drilling station’s queue. The drilling station was identified as the bottleneck, operating at 99.9% utilisation and approximately 50 parts per hour slower than the rate entities arrived. This also created overproduction and inventory waste, with 141 of the 148 entities which were in WIP held in the drilling station’s queue.
Three opportunities were identified based on the simulation results. Reducing the arrival rate would shorten queues and cycle time but would not improve throughput, as the drilling station would remain the bottleneck, so was not recommended. Adding a second drill was determined to be the best opportunity preferably identical to the existing drill so that entities can use whichever drill is available, as it is expected to remove the drilling queue and raise throughput to match that of the arrival rate. Once the drilling station is improved, the top cap dispensing station would become the next constraint. It would not limit the throughput at 200 parts per hour but would become a bottleneck if the arrival rate increased, but this could be addressed by increasing the dispensers capacity from 10 to 20 caps, assuming the refill time remains the same. 
However, as these opportunities were not modelled, their impacts are theoretically estimates and future work should model them to quantify their effect.


[bookmark: _Toc241950911]Bibliography
Hines, P., Rich, N., Bicheno, J., Brunt, D., Taylor, D., Butterworth, C. and Sullivan, J. (1998). Value stream management. The International Journal of Logistics Management, [online] 9(1), pp.25–42. doi:10.1108/09574099810805726.
Hopp, W.J. and Spearman, M.L. (2004). To pull or not to pull: What is the question? Manufacturing & Service Operations Management, [online] 6(2), pp.133–148. doi:10.1287/msom.1030.0028.
Marvel, J.H. and Standridge, C.R. (2026). Simulation-enhanced lean design process. Journal of Industrial Engineering and Management, [online] 2(1), pp.90–113. Available at: https://www.jiem.org/index.php/jiem/article/view/61/18 [Accessed 3 Oct. 2026].
Robinson, S. (2004). Simulation. [online] John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex PO19 8SQ, England: John Wiley & Sons Incorporated, pp.13–15. Available at: https://lmsspada.kemdiktisaintek.go.id/pluginfile.php/123916/mod_label/intro/simulation-the-practice-of-model-development-and-use.9780470847725.21800.pdf [Accessed 3 Oct. 2026].
Roser, C., Lorentzen, K. and Deuse, J. (2015). Reliable shop floor bottleneck detection for flow lines through process and inventory observations: The bottleneck walk. Logistics Research, [online] 8(1). doi:10.1007/s12159-015-0127-2.
Roser, C., Nakano, M. and Tanaka, M. (2002). Shifting bottleneck detection. [online] IEEE Xplore. Available at: https://ieeexplore.ieee.org/abstract/document/1166360 [Accessed 3 Oct. 2026].
Roser, C., Nakano, M. and Tanaka, M. (2004). Comparison of bottleneck detection methods for AGV systems. Proceedings of the 2003 Winter Simualtion Conference, [online] 2, pp.1192–1198. doi:10.1109/wsc.2003.1261549.
Shortle, J.F., Thompson, J.M., Gross, D. and Harris, C.M. (2018). Fundamentals of queueing theory. Fifth edn. [online] Hoboken, (Nj): J. Wiley & Sons. C, pp.353–357. Available at: https://books.google.co.uk/books?hl=en&lr=&id=9MJcDwAAQBAJ&oi=fnd&pg=PR9&dq=des+queueing+theory+gross+2008&ots=5rEeDSytzX&sig=zUNcFIuO5X8YleJfgWgktnMra4M&redir_esc=y#v=onepage&q&f=false [Accessed 3 Oct. 2026].
Womack, J. and Jones, D. (2003). Lean thinking : Banish waste and create wealth in your corporation. [online] ResearchGate. Available at: https://www.researchgate.net/publication/200657172_Lean_Thinking_Banish_Waste_and_Create_Wealth_in_Your_Corporation [Accessed 3 Oct. 2026].


image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png
Distance

=
Network

n
Network
Link

Transp.

Arena Training & Evaluation Mode (Stuent) - Commercial Use Prohibited

Total Time

00:00:00

1) Camera Module Inspection

2) Drilling Station

3) Top Cap Dispensing Station

Tray Replcement
Tblsabon (o) 000

Ramainng
o
2 boles
‘ utaion (%) 0100 b,
L B Al -
=8 0.00 0.00 B .00 .00 0.00
Pats  aton ) Saton pars Sation Fagma Ca | omen Sation
Queued. Throughput Queued 4 Hoes. ‘Throughput. Refl Utilisation (%) ‘Throughput.
Utiisnion (%) 0:00 Utiidaton (%) .00
4) Hydraulic Press Station 5) Label Printing Station 6) Part Trays/Output Station Remaining
e
| | | [o
° poo| o o — o
oy Ot St
S, wston () 120 S, vaon ) S5en P - Uiaton (%) Thoughput

Request

-
Transport

Conveyor





image3.tmp
File Insert

[ &
D I ——
Paste B Font Paragraph
v & “ © v

Clipboard I~ Styles

Home Design

Layout

A

Styles

o

Review  View Help

&

Editor

References

o8 ®

Editing | Dictate | Sensitivity

v & “

Mailings

Add-ins

N Voice Sensitivity Editor Add-ins

Process Function

Average(s)

1.Parts in From Robot Assembly

18 Legend

2.Automated Optical Inspection

2.4 Part Creation Time

Camera to Drilling

8.2 Movement times

3.Drilling (2 Holes)

18 Process Times

3.Drilling (4 Holes)

33

Drill to Dispensing

7.3

4.Top Cap Dispensing

3

4.Refill (every 10x cycles)

Mag Back to Press

7.3

5.Hydraulic Press

Press to Label

8.2

6.Label Printing

6.2 7 8.7

Label to Output Station

8.2

7.0utput Station

3.6 4.1 5.1

7.Remove Parts (Every 4x
Cycles)

20 26 32

Note: It is assumed that one production operative refills the Dispensing unit and

Product mix: 60% of com

Page 1 of 2 319 words 8} R

Text Predictions: On

empties the output station.

ponents require 2 drilled holes and 40% require 4 drilled
o) ! Focus R

100%




image4.tmp
L My Arena Training & Evaluation Mode (Student) - Commercial Use Prohibited

FILE Home Animate Tools Developer Iﬂl
S f" ooz  [offRe H Yume R F- v B | B L (G
= e D [‘Dc o bee ms“hmml Loyers.. . Connector Arrows. inxpre::nn Builder — ,.‘,,,_] @ Review Errors V) I P@

witoom - : i

Editing Run Help and Manuals.

Paste

Template.

Proj.. w & X v
Dist -
stance Total Time
m 00:00:00
1) Camera Module Inspection 2) Drilling Station 3) Top Cap Dispensing Station Remaining
- 2 Hol Top Caps
Network 2 roles
Utilisation (%)
Link —1 — — Y —— — Q
Transp... ! . . 2
P ] |
Parts Utilisation (%) Station Station Dispenser Station
m Queued Throughput 4 Holes Throughput Queued Refil Utilisation (%) Throughput
Activate Utilisation (%) Utilisation (%)
4) Hydraulic Press Station 5) Label Printing Station 6) Part Trays/Output Station Remaining
L Tray Spaces
Allocate E
—A R —A [ —A [
Free L L
o] o] o] o]
N N ra utpu on
Qﬁgﬁs S, Utiisation (%) msrgffg;{;)ut Qﬁiﬁsed Utilisation (%) msrﬁfg;]’;mt Qﬁiﬁsed Utiieafion (%) Throughput

Tray Replacement
Halt Utilisation (%)

|
Move
>
- Queue Type |Queue Name
Request 1 ICamera Hold Scan for Condition Camera Inspection.W\ Queue Camera Hold.Queue
2 Drilling Hold Scan for Condition Drill 2 Holes.WIP <= 0 && Dirill 4 Holes. WIP <=0 Queue Drilling Hold.Queue
S Label Hold Scan for Condition Label Printing. WIP <=0 Queue Label Hold.Queue
= 4 Hydraulic Press Hold ~ Scan for Condition Hydraulic Press.WIP <=0 Queue Hydraulic Press Hold.Queue
Transport B Dispense Hold Scan for Condition Top Cap Dispense.WIP <= 0 && Refill Top Cap Dispense.WIP <= 0 Queue Dispense Hold.Queue
6 Output Station Hold Scan for Condition Output Station.WIP <= 0 && Remove Parts.WIP <=0 Queue Output Station Hold.Queue

Decisions panel selected.




image5.png
frens Training & Evaluation Mad (Student] - Commerial Use Profibited

s BMB M E
B w

T e

L

pistance Total Time
= 00:00:00
1) Camera Module Inspection 2) Driling Station 3) Top Cap Dispensing Station —
= . o
Nerwork S 000
Link — — i |
Transp. ol 000 ] o 000 ] 000
- Qi v oS e e e e
actvae bty 0]
. ‘ 4) Hydraulic Press Station 5) Label Printing Station 6) Part Trays/Output Station
ocate
— —
| @ sEe e @ @
ree of  om | o0 o o boo - |
_ G e L
alt T 0000
Move
~ Name T oion Proy Resotrces Delay Tyoe
Request Sere K hangiar
F—— o roks Stardard  Seze Oy Relesse | Memumz) | {rowe  Tanguar  Sewonce Ve Adied 10 6 20
o4 voks Slardid " Sizs Doy Relase Wednz) {ros Tranguss Seconds  Valas Added 0% %
- & T0p Cap Lispense. Standard  Seize Delay Release ~ Medumi2)  qrows Irangular  Seconcs Value Added 21 ER)
frenspert s o ress Sondad  SezeDelyRease  Medunz)  irws Toamaler Seconcs ValeAdsed 17 123 128
b taveiping gt SareDelayRebase  MeumD) frove Toaguar  Seconcs VaueAtdst 67 7 87
B |7 RuiTop Cap isperes  Sandard  Sas Dlay Rlesse Madum(2) {yows  Trangiar  Seconds  NowVal Adéed 110120 135
Conveyor | g Output Station’ Standaid  Seize Delay Release  Modumi2)  frows  Tranguial  Soconds Vaiue Addod 38 ESIER)
5 Seize Oclay Reease esumiz) Tranguer Non-vae Added





image6.png
Netwark
Lk
Transp.

Transport

-
Comeyor

Arena Training & Evaluation Modi (Student) - Cormmerial Use Profibited

Total Time
00:00:00

1) Camera Module Inspection 2) Driling Station 3) Top Cap Dispensing Station

e 00O

— , —
(5] 000 | o - — 000 | 000 | |
iR v SRR, o i i

e () G001

‘ 4) Hydraulic Press Station 5) Label Printing Station 6) Part Trays/Output Station

' T i = ' ? i o ‘ e R

o o0 | o000 000 bw
SR, i S O, e S

Alocaton [oeiny Time Unis —Gommert

72 Secons

Fross o Label Transtar iz Sauands
Magacktopress  ranster i3 Sovonds
|Labelto Output Staton Transter 82 Seconds





image7.tmp
Kty

A0

ome

Animate

Insert New Obiect...
/ O 'ngs

Arena visual
Designer

Activate

Allocate

Free

Halt

Move

Request

Transport

v

Arena Training & Evaluation Mode (Student) - Commercial Use Prohibited

Optguest  process ot Vodel Custom Visuat Macros
forarena  Ambzer  Anayzer Ropon | Adsne g basic -
A CPLABA~2DOE v
Total Time
1) Camera Module Inspection 2) Drilling Station 3) Top Cap Dispensing Station Remaining
2 Hol Top Caps
joles
ilisati 0
. Utilisation (%) E
b
o] |
Parts At Station Station Dispenser Station
Queued Utilisation (%) Throughput 4 Hol Throughput Queued Refil Utilisapt?on (%) Throughput
joles €]
Utilisation (%) Utilisation (%)
4) Hydraulic Press Station 5) Label Printing Station 6) Part Trays/Output Station Remaining
Tray Spaces
_ . - . o]
0 (]
o] o] o] o]
o ; o N ray _u pu on
er:aeﬁs ed Utilisation (%) msrf)?fé?lr;mt er:aerlfsed Utilisation (%) msrf:f;:;mt er:aerlfsed Utilisation (%) Throughput
Tray Replacement
Utilisation (%)
Name Entity Type|Type Expression Units Entities per Arrival|Max Arrivals|First Creation| Comment
Parts Into Robot essio R econd e

Discrete Processing panel selected





image8.tmp
Name Type Percent True Comment
No. Holes 2-way by Chance 60 0 rows True =2
Dispensing Empty? N-way by Condition 50 1 rows
Add Part or Remove Tray N-way by Condition 50 1 rows

If Variable Name Is |Value

Variable

Number of Caps  >= 1





image9.tmp
Assign

Name:

‘ Cap Count Down

Assignments:

Variable, Number of Caps, Number of Caps-1
<End of list>

Comment:

OK

Cancel

Add...
Edit...

Delete

Help




image10.tmp
Assign

Name:

‘ Cap Count Reset

Assignments:

Variable, Number of Caps, Number of Caps+10
<End of list>

Comment:

OK

Cancel

Add...
Edit...

Delete

Help




image11.tmp
Name

Statistic Definitions

Comment

Statistic Definition

Type

Value

Record into Set|

Tally Name

1 Expression

Camera Inspection.NumberOut/TNOW

U

Camera Tally

1 Total Throughput 1 rows
2 Camera Interval 1 rows
3 Drilling Interval 1 rows
4 Cap Interval 1 rows
D) Hydraulic Press Interval 1 rows
6 Label Interval 1 rows

"Double-click here to add  new row.





image12.png
Total Time

02:50:40

1) Camera Module Inspection

2) Drilling Station

2 Holes
Utisation (3%) 0. 4.4

‘*-T =

3) Top Cap Dispensing Station

-ese

=m = =

[T T
Qe Ussaton (0) IO gt Q”“‘ - ikt
it (%) Utisation (o) [1180]

4) Hydraulic Press Station 5) Label Printing Station 6) Part Trays/Output Station Remaning
TS

s o

= e @ @e=m - | @ 004 =

TR TR T IR TR TP (L]

oy vt Saen

QN ublsaton (09) SN I, st (%) pSaten n::f:a — Uiation (%) Thoughput

£

cement
':%.;;P::n o

Station
Toughput




image13.png
Time Category
Value Adding

Mean Time per Entity
50.8 seconds (0.0141 hrs)

Percentage of Total (%)
3.4

Necessary Non Value Adding | 20.9 seconds (0.0058 hrs) 1.4
Transfer 39.2 seconds (0.0109 hrs) 2.6
Waiting 23 min 6 seconds (0.385 hrs) 92.6
Cycle Time 24 min 57 seconds (0.4158 hrs) 100
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Entities Processed

Throughput (Parts/Hour)

Utilisation (%)

Camera Inspection 568 199.7 14.5
Drilling (2 + 4 Holes) 427 150.1 99.9 (44.4+55.5)
Top Cap Dispensing 426 149.8 12.7
Hydraulic Press 423 148.7 50.7
Label Printing 421 148.0 29.9
Output Station 420 147.7 17.5
Top Cap Refill 42 Refills N/A 49.8
Tray Replacement 104 New Trays N/A 26.7





