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[bookmark: _Toc210586676]Introduction
Discrete-event simulation (DES) is a modelling approach that represents a system as a time-ordered sequence of state-changing events and is particularly suited to understanding interactions, constraints, and improvement opportunities in complex production environments. In this assignment, DES is applied to model, analyse, and propose lean improvements for a real process drawn from the workplace, with the objective of evidencing bottlenecks, value creation, and performance trade-offs using quantitative outputs from simulation.
The aims of the study are to (i) construct a current-state DES model of the CP Lab workflow; (ii) quantify performance using relevant KPIs such as throughput, cycle/flow time, waiting times, WIP, and resource utilisation; (iii) identify and evidence forms of waste observable in the simulated system; and (iv) make lean-focused recommendations for improvement based on model results.
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A discrete-event current-state model of the CP Lab line was constructed in Arena. The product entity progresses through stages in the order seen in figure 1.
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Figure 1 - Process Flow Map
 At each workstation a capacity-one resource is seized, a random processing delay is applied using triangular distributions taken from observed minimums, averages, and maximums, and the resource is released. Transfer delays were used to represent conveyor/robot movements between stations (e.g., 8.2 s Camera→Drill; 7.3 s Drill→Dispense; 7.3 s Dispense→Press; 8.2 s Press→Label; 8.2 s Label→Output).
Two periodic human interventions were represented as non-value-adding activities. First, a cap-dispenser inventory counter (`Num Caps`) was initialised to 10 and decremented following each dispense; when the count reached ≤1, the flow branched to a Refill activity (Tri[4, 5, 6] minutes) that seized the Refill Person, after which the counter was reset to 10 and dispensing resumed. Second, finished parts accumulated at the Output station; upon completion of every fourth part, a Remove Part activity seized the Removal Man, the tray count was reset to zero, and production continued. HOLD/SCAN release controls were applied to prevent overlap on shared human resources and to throttle upstream release while an intervention was active.
To relate simulated departure rates and per-entity lead times to average WIP, Little’s Law was applied: WIP ≈ Throughput × Time in System. This method offers a confirmation on DES results and is generally applicable across queueing systems under stable operational conditions. (Little, 1961; Whitt, 2015).
For measurement, per-entity Waiting, Value-Adding (VA), and Total times were tallied at each process, and inter-arrival measures were recorded at hand-off points. These measures support the later analysis of throughput, flow time, queueing behaviour, and resource utilisation. The run setup comprised 100 replications of an 8-hour shift using seconds as a base unit. Minutes-based delays (refill/removal) were converted to the base unit to ensure consistency. A 50/50 split was applied at both the Drill (two/four holes) and Label (label/bypass) decisions. In reality, these 2 processes would be determined by the customer, however, for this model they were represented as a simple proportion.
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The model produced an average throughput of 276 units per 8-hour run (34.5 units/hour). Routing behaviour aligns with the configured splits: the Drill stage processed 138.1 two-hole and 138.9 four-hole parts on average, while the Label step saw 136.5 parts, close to the 50% split. Automated resource utilisation was low overall—Drill 9.86%, Press 7.08%, Output Robot 4.12%, Dispenser 2.94%, Camera 2.48%, and Printer 3.53%—and the station wait time metrics are effectively zero, indicating an arrival-paced system with ample machine capacity and minimal queue formation at workstations.
By contrast, the two periodic human interventions dominate labour usage and non-value-adding time. Over an 8-hour horizon the system executed 69 tray-removal cycles (exactly one per four finished parts) and 30 cap-refill events, averaging 8.6 removals/hour and 3.75 refills/hour. The associated cumulative task times were substantial—~8,160 s (2.27 h) for removal and ~8,990 s (2.50 h) for refills—driving scheduled utilisation of 28.4% for the Removal Man and 31.2% for the Refill Person. These findings imply that while automated stations are far from saturation, the cadence and duration of periodic operator tasks constitute the primary constraint on flow stability and represent the largest share of measured NVA time in the current configuration. As such, subsequent improvement analysis should focus on levelling or re-timing these interventions, reducing their duration, or redistributing them to prevent upstream gating of work release.
Waiting time is concentrated at intentional gating points rather than at workstation process queues. The per-replication breakdown shows a mean overall per-entity waiting time ≈172.1 s, with the following dominant contributors:

	Queue / Hold
	Mean (s)

	11 out hold
	113.03

	Mag Back Hold
	33.05

	Out WIP Hold
	23.63

	Press Hold
	2.16

	Label Hold
	0.05


Table 1 - Waiting Time per Stage
11 Out hold, which is the stage where finished goods are waiting to be removed, accounts for the majority of waiting, which aligns with the tray-removal: flow is periodically paused at Output while the Removal task is performed. Second, Mag Back Hold and Out WIP Hold reflect the impact of the cap-refill rule (every 10 parts) and downstream gating; both introduce predictable non-value-adding (NVA) delays that ripple upstream. In contrast, workstation process queues (Camera, Drill, Dispenser, Press, Label, Output) have effectively zero waiting on average, indicating ample machine capacity under the paced arrival regime.
Overall, the results characterise a system where automated resources are under-utilised, and periodic operator interventions (tray removal and cap refills) are the primary drivers of waiting and flow interruption. 
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	KPI
	Result
	Notes

	Throughput (per 8 h)
	276 units
	≈ 34.5 units/h

	Inter-departure time
	≈104.3 s
	28,800 s / 276 units

	Time in system (avg)
	≈304.7 s / unit
	Door-to-door lead time

	WIP (Little’s Law)
	≈2.9 units
	34.5 × (304.7 / 3600)

	VA time per unit
	≈24.4 s
	≈ 8% of lead time

	Waiting (all holds)
	≈172.1 s / unit
	Dominated by Output and Dispenser gates
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	Hold / Control
	Mean wait

	11 Out hold (finished goods awaiting tray removal)
	113.03 s

	Mag Back Hold (upstream of dispenser)
	33.05 s

	Out WIP Hold (gating during removal)
	23.63 s

	Press Hold
	2.16 s

	Label Hold
	0.05 



[bookmark: _Toc210586682]5.3 Resource utilisation
	Resource
	Utilisation

	Drill
	9.86%

	Press
	7.08%

	Output Robot
	4.12%

	Dispenser
	2.94%

	Camera
	2.48%

	Printer
	3.53%

	Removal Man
	28.4%

	Refill Person
	31.2%
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	Periodic task
	Count per shift
	Rate

	Tray removals
	≈69
	8.6 / h

	Cap refills
	≈30
	3.75 / h



Value was defined from the end-customer’s perspective as processing that transforms the product physically or functionally in a way the customer is willing to pay for. On this basis, the activities regarded as value-adding (VA) are: Drill (two- or four-hole operation), Top-Cap Dispense (08 Mag Back), Hydraulic Press, and Label (where product labelling is a required customer specification). Activities considered non-value-adding (NVA) but necessary include Camera (AOI) and Output handling; material transfers and periodic operator interventions (cap refills; tray removals) are pure NVA.
Using the process-time distributions and routing proportions in the current-state model (50/50 splits at Drill and Label), the expected VA processing time per unit is:
Drill (mean of two-/four-hole): ≈10.25 s
08 Mag Back (dispense): ≈3.06 s
Press: ≈7.36 s
Label (50% of units): ≈3.72 s (0.5 × 7.45 s)
Total VA time ≈ 24.4 s per unit.
From the 100-replication results, the mean total time in system is ≈304.7 s per unit, and the mean waiting time (across holds/controls) is ≈172.1 s per unit. On this basis, VA time constitutes  around 8.0% of total lead time (roughly 24.4 s of 304.7 s). The remaining time is attributable to NVA elements, mainly due to intentional holds associated with periodic human interventions (e.g., 11 Out hold during tray removal and Mag Back/Out WIP holds around dispenser refills), together with transfers between stations and minor control/handling delays. This outcome is consistent with an arrival-paced, low-WIP configuration where workstation queues are suppressed and the principal interruptions to flow come from the amount and duration of the periodic operator tasks rather than from machine capacity constraints.
Because VA time is a small amount of lead time, the largest gains will come from reducing NVA, for example shortening and better timing the tray-removal and cap-refill tasks (e.g., standard work/SMED-style separation of internal vs. external elements), levelling the cadence of these tasks to reduce bunching at Output and Dispense, and minimising transfer and control delays where feasible. These actions directly target the sources that currently dominate waiting and therefore have the highest leverage on total lead time.
Given that value-adding time represents only a fraction of total lead time, Little’s Law helps interpret where the remainder is: for a fixed throughput, any excess WIP must manifest as waiting and control delays, which aligns with the observed holds around tray removal and cap refills (Little, 1961; Little, 2011).
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[bookmark: _Toc210586685]8.1 Shorten periodic tasks (SMED).
The Mag Back/Out WIP holds (cap refill) and the 11 Out hold (tray removal) are the primary wait times in the current state. Splitting internal and external components, pre-stage consumables (pre-filled cap magazines, pre-labelled trays), and standardising the motion sequence to reduce hands-on time and variability are all predictable, repeatable actions that are compatible with SMED. By cutting these operations short, idle time is converted into throughput stability and shorter lead times by lowering non-value-adding (NVA) delay at the places wait time is currently happening. Externalised and standardised procedures could result in significant reductions in the duration of auxiliary tasks, according to evidence from SMED deployments. (Ribeiro et al., 2022; Moreira and Pais, 2011).
[bookmark: _Toc210586686]8.2 Level and synchronise operator cadence (Heijunka / takt alignment).
 The line operates at an arrival-paced pattern with minimal work in progress, meaning that flow variations are mostly caused by the duration of operator activities. Aligning the timing of tray removals and cap refills to a consistent routine in line with the practical takt (~104 s) helps to avoid overlaps (e.g., a removal and a refill occurring simultaneously) and reduces timing variability. Heijunka studies indicate that levelling reduces short-term workload peaks and enhances predictability of demand on shared resources, subsequently reducing waiting times and improving stability (Rewers, Stępień and Golińska-Dawson, 2021).
[bookmark: _Toc210586687]8.3 Adjust batch/trigger policies.
Tray removal at batches of four and a refill trigger at “stock ≤ 1” produce long, infrequent blocks. Two levers can help: (i) reduce the removal batch to shorten each block (if SMED gains are modest), or (ii) keep/lift the batch size only if removal time falls substantially after standardisation. Similarly, pull the refill trigger earlier (e.g., at 2–3 units remaining) with a quick magazine swap to avoid hard stock-out stalls. These policy shifts lessen peak waits without increasing global WIP, and they complement levelling by making the intervention cadence more regular (Rewers, Stępień and Golińska-Dawson, 2021; Ribeiro et al., 2022).
[bookmark: _Toc210586688]8.4 Reduce transfer/handling time and release friction.
Fixed transfers (8.2 s, 7.3 s legs) apply to every unit; micro-improvements to layout and motion—tool/fixture proximity, single-motion placements, removing redundant checks in HOLD logic—yield small per-unit savings that compound across the shift. Even single-second cuts on ubiquitous steps create measurable reductions in average lead time when multiplied by throughput and replications (Balakrishnan and Verghese, 2012).
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The CP Lab line's current-state discrete-event model was created in order to measure performance and identify areas for development. The system's average throughput over 100 replications of an 8-hour period was 276 units (about 34.5 units/hour), with an estimated WIP of 2.9 units (based on Little's Law) and an average time in system of about 304.7 s per unit. The HOLD/SCAN release controls lowered station-level waits, and automated resources did not reach peak utilisation, suggesting that the system is arrival-paced at the machines rather than capacity-constrained.
Waiting time was concentrated at intentional gating points, dominated by 11 Out hold (finished goods awaiting tray removal) and Mag Back/Out WIP holds (cap-refill logic). These periodic operator interventions account for the majority of non-value-adding (NVA) time, while the strictly value-adding portion of lead time was estimated at ~24.4 s per unit (≈8% of total). The analysis therefore indicates that the amount and duration of the periodic human tasks, rather than machine processing capacity, are the primary drivers of flow interruption and variability.
Based in this, the most impactful improvement levers are to shorten and re-time the periodic tasks (SMED-style standardisation and externalisation of steps), level their due times against the practical takt to avoid overlap, and, where necessary, adjust trigger/batch policies (earlier refill pull, reconsidered tray batch size) to reduce peak waits.
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