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Line balancing that stays balanced

Why continuous, Al-driven line balancing outperforms spreadsheets, rule-of-
thumb heuristics, stand-alone software and one-off simulation studies.

MAKING Al & DIGITAL FOR INDUSTRY REAL

Most assembly lines are balanced well exactly once: at launch. From then on, product mix,
operator skill, micro-stops and engineering changes move work content between stations, and
the balance quietly decays. The method used to balance the line matters less than how often,
and on what data, it can be done again.

This paper compares the five common ways of balancing a line and explains why Epicz lab treats line
balancing as a continuous capability rather than a periodic project.
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estimated annual savings for a tier-1 to rebalance on live data. changes reach the line before they
automotive supplier across 20 Spreadsheet methods typically take have been simulated and approved
plants. weeks. by your engineers.

Why balance decays

Line balancing is a hard combinatorial problem.

Even the simplest textbook version, which assigns

tasks to stations while respecting precedence and 95%
a cycle time, is NP-hard. That is why most 90%
practitioners fall back on rules of thumb.

100% Kaizen rebalance

Continuous

85%
Real lines add more on top: several models on one Static
line, operators with different skills, ergonomic so%
limits, fixed tooling zones and demand that

changes takt. Each of these changes the best

0 3 6 9 12
Months after initial balance

answer, and each changes over time. . - ) :
lllustrative balance efficiency over a year. Static balancing recovers

. - . . only at periodic events; continuous balancing corrects drift as it
The result is a familiar pattern. A line is balanced, varp ¢

efficiency slowly erodes, a kaizen event restores
it, and the erosion starts again. The cost lies in the
months between events, when the bottleneck
caps output and other stations wait.

appears.
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02 Five ways to balance a line

Spreadsheet / Heuristic Line-balancing Discrete-event Epicz
Yamazumi rules software simulation lab
Solution quality on real constraints (] (] o o
Mixed-model and variant mix ()] o o
Operator skills and ergonomics © © © o
Uses live line data © °
Time to rebalance Weeks Days Days Weeks Hours
Validated before the line changes ()} o o
Data reused by other use cases © o
Initial setup effort Low Low Medium High Medium
@ strong © partial weak or absent - General assessment of each approach category, not of individual products.

Spreadsheets and Yamazumi charts are transparent and familiar, but they depend on manual time studies
and one engineer's judgment. Heuristic rules such as ranked positional weight are fast but give no guarantee
of a good answer, and they ignore most real constraints. Line-balancing software improves the optimization
but usually works on a static snapshot of data that someone has to keep up to date. Discrete-event
simulation is excellent for validating a design, but each study is a project, and the model ages as soon as it is
finished.

Each approach solves part of the problem. None of them closes the loop between live line data, optimization,
validation and monitoring. That loop is what Epicz is built around.

03 What makes the Epicz approach different

a Live line data, not a spreadsheet e Optimization and simulation together
Tasks, precedence, variants, stations, skills The solver searches millions of task-to-station
and cycle times are pulled directly from MES, allocations against takt, precedence, mix, skills
ERP, PLCs and time studies. Systems stay as and ergonomics. The simulation engine then
they are. The balance is always calculated on tests the best candidates against real variation
how the line actually runs today. before anything is proposed.

e Deterministic and explainable ° Continuous, not periodic
Every proposal traces back to specific tasks, Live data is compared with the planned
times and constraints. Engineers can see why balance. When a station starts drifting toward
a move is suggested, adjust it and approve it. takt, the system flags it and prepares a
Nothing changes on the line without that rebalance proposal, so balance is maintained
approval. instead of restored.

Because Line Balancing is a module on the Epicz Industrial Al Platform, it runs on the platform's optimization
solver, simulation engine and system integrations. The connections set up for line balancing are reused by
other modules, such as 3D digital twin and WIP simulation, without new integration work.
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04 How a rebalance creates output (example)

Consider a six-station line with a takt of 60 Before - bottleneck 61s - 84%  After - bottleneck 54 s - 95%

seconds and 309 seconds of total work content. ~ =--scqmmecscmeccccciccoin cocoooooooooool] fakto0s

Station 2 runs at 61 seconds, so the line misses 52 . %8 S5
takt and every other station waits on it. Balance 44 39
efficiency, total work divided by stations times
bottleneck time, is 309 / (6 x 61) = 84%.
S5 6

Redistributing the same work content, within Sosz 83 84 ss 86 Shosz s s
precedence and skill constraints, brings the lllustrative six-station example. Same work content, redistributed.
bottleneck to 54 seconds. Balance efficiency rises Dashed line = takt.

to 95%, and output at the same headcount rises

by about 13%. No new equipment and no extra

operators are needed. The gain on a real line

depends on how unbalanced it is today; one tier-1

automotive supplier estimates savings of up to

T0M€ a year across 20 plants.

05 When a simpler method is enough

A single-model line with stable demand, a stable workforce and few engineering changes may be
served well by a spreadsheet and periodic review. The case for Epicz grows with variant count, mix
volatility, staffing variation and the number of lines, because that is where static balances decay fastest
and manual rebalancing costs the most engineering time.

Start with one line

. : . : Book a pilot scoping call
An 8-week pilot on a single line, measured against KPIs we P ping

Bring one line with a known
bottleneck or frequent mix
changes.

agree up front: output per hour, idle time and balance
efficiency. Clear go/no-go at week 8.

1. Weeks 1-2: connect data and baseline today's balance

2. Weeks 3-5: simulate and deliver a ranked rebalance plan fredrik.magnusson@epiczlab.com

3. Weeks 6-8: implement and measure
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Note. "Up to 10M<£" is a tier-1 automotive supplier's estimate of annual savings across 20 plants. Charts and the six-station example are
illustrative, not customer data.
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