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Abstract

Manufacturing ramp-up requires teams to increase output while processes, equipment, workforce
capability, and production data are still stabilizing. Fixed calendar milestones can allow permanent
balancing, automation, and process changes before normal production capability is understood.
Temporary labor, inspection, or engineering support can further hide whether the system is truly ready.
This paper develops a readiness-gated management system for deciding when a high-volume assembly
area should move from stabilization to broader improvement.

The framework uses two phases. Phase | controls critical risks, stabilizes operations, builds workforce
capability, improves data reliability, and makes temporary support visible. Phase Il uses this stronger
baseline to remove verified losses, improve standard work and process capability, and allow statistical
and digital tools to guide more important decisions. Readiness is reviewed by a cross-functional team
across six areas: safety and quality containment, throughput repeatability, equipment reliability,
workforce readiness, data reliability, and change-control stability. Critical safety, quality, regulatory, or
data problems can block transition. Based on the remaining evidence, the team may authorize, limit,
defer, or reverse wider process and digital changes. Planned milestones therefore become evidence-
based reviews rather than automatic phase changes.

A simulation-based stress test compared fixed-time and readiness-based decisions across 25,000
synthetic launches. For the same launches, the baseline gate lowered the average modeled chance of
performance declining after transition from 18.2% under a fixed mid-ramp transition to 15.7%. It achieved
this improvement by adjusting transition timing to the condition of each launch. A later fixed transition
lowered the modeled risk further, to 14.4%, but delayed every launch, including those ready earlier.
Stricter gates also lowered risk but increased the number of launches waiting for approval. Additional
tests showed that the gate added value when readiness helped predict later performance and offered no
advantage when readiness provided no useful information. The simulation therefore shows how the
framework can balance the risk of moving too early against the cost of waiting too long.

The main contribution is a practical management system that defines what evidence should be reviewed,
who should participate, and how improvement authority should increase as production becomes more
stable and understandable. It can complement APQP, PPAP, Control Plans, and safe-launch practices by
connecting their evidence to a clear operating decision. Field studies are required to establish suitable
measures, thresholds, and production benefits.

1. Introduction

Manufacturing ramp-up links product and process development with stable full-scale production. Teams
must increase output while they continue to adjust work content, equipment settings, material flow, and
workforce routines. As a result, the launch may face technical and organizational problems at the same
time [1]-[6].
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Performance pressure begins immediately. Planned volume, takt time, quality, and cost targets are
expected to be met quickly. However, the production baseline may still be changing. Temporary
workarounds can protect output during this period. Teams may repeatedly adjust equipment or add
inspectors, technicians, and engineers. These actions may be necessary, but they can hide what the
process can achieve under normal conditions.

Lean methods are important from the first production build. Clear standards, visual controls, quality at
the source, and frontline problem-solving practices should be established early [7]-[10]. Problems arise
when teams use unstable loss patterns to make permanent balancing, automation, or waste-reduction
decisions. Temporary launch conditions may then become part of the long-term production system.
Teams should therefore match the timing and use of these methods to the condition of the launch [11].

Digital technologies create a similar challenge. Decision-support systems, virtual commissioning, digital
twins, and analytics can provide faster feedback during ramp-up [12]-[16]. However, these tools need
clear event definitions, matching system configurations, and reliable data. Research shows that
technology and operating practices should be developed together [17]-[22]. Installing technology alone
does not improve production decisions.

The key management question is not whether teams should use Lean or digital tools early. They should.
The real question is how much decision-making power these tools should have at each stage of ramp-
up. A dashboard can show production conditions before managers use it to set automatic priorities. A
digital twin can help test possible causes before it is allowed to guide process settings. Early standard
work can be updated frequently before teams use it for detailed line balancing.

This paper addresses that decision. A readiness-gated management system is proposed for high-volume
assembly. The system uses two operating phases. A cross-functional evidence review connects them.
Transition is approved when the production system, workforce, and information are ready. Time alone
does not determine the decision.

The paper provides both a practical framework and an analytical test. The framework explains what
teams should stabilize, what evidence they should review, who should participate, and when broader
improvement decisions should be allowed. No company production data are used, so the framework
remains open to further testing. A synthetic simulation tests how the decision rules behave under
different conditions. It examines the balance between moving too early and waiting too long, as well as
the conditions under which the approach may lose value. The simulation does not claim to prove results
for a real factory or predict performance at a specific manufacturing site.

2. Conceptual Framework Development

This study used a concept-based approach to build the framework. It did not claim to conduct a
complete systematic review. Instead, it combined several areas of research around one management
guestion: when should a launch move from stabilization to intensive improvement?
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The research base covered production ramp-up, learning curves, Lean production, statistical quality,
digital manufacturing, production readiness, and launch management. Older sources were kept when
they introduced ideas that remain useful over time. Recent studies were added to cover Industry 4.0,
digital twins, and current ramp-up needs.

The framework was developed in three steps. First, recurring launch problems were identified. These
included changing work content, incomplete learning, repeated equipment failures, gaps in workforce
skills, unreliable data, and engineering changes that affected one another. Second, the required
management responses were grouped by their main purpose. These purposes included containment,
visibility, learning, standardization, improvement, and long-term control. Third, each response was placed
either before or after the readiness review. This placement depended on how stable and well-understood
the production system needed to be before the response could be used reliably.

The author developed the six readiness dimensions, critical veto conditions, and transition rules. Existing
research helped guide their design. However, they have not yet been validated and are not presented as
standards that apply to every production system. Table 1 shows how the recurring ramp-up problems
relate to the proposed framework responses.

A readiness dimension was included when it served one of two purposes. It either captured a separate
source of uncertainty that could make production results difficult to understand, or it represented a
capability needed for a reliable transition decision. The six dimensions are therefore a starting point
rather than a complete list. Supplier and material readiness, ergonomics, logistics, and process
capability were not created as separate gate dimensions. Instead, the framework treats them as
supporting conditions or evidence within one or more of the six dimensions. This arrangement reflects a
design choice by the author. Independent experts must still assess whether the dimensions are
complete and whether their boundaries are appropriate.
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Table 1

Traceability from recurring ramp-up problem classes to readiness dimensions, cross-cutting framework
responses and principal supporting literature.

Observed ramp-up
problem

Critical safety,
regulatory, or
critical-quality
exposure during
early production

Unstable work
content and mixed
disturbances

Incomplete learning
and weak problem
reporting

Recurring
equipment faults
and variable
recovery

Unreliable events,
labels or
denominators

Interacting
engineering
changes

Digital model
mismatch or
configuration drift

Management requirement

Temporary protection must be
noncompensatory, owned,
independently verified, and
closed only against explicit exit
evidence.

A provisional baseline is
needed. Deviations must
remain visible.

Short feedback cycles and
protected escalation are
required.

Failure patterns and recovery
methods must be made
repeatable.

Measurement and
classification integrity must be
established.

Configuration traceability and
change sequencing are
required.

Digital decision authority must
remain proportional to data
integrity, configuration
synchronization, and
demonstrated model-to-plant
agreement.

Framework response

Safety and quality

containment; critical-

veto logic

Minimum viable
standardization;

throughput repeatability

Rapid feedback;
workforce readiness

Equipment reliability;

Phase Il loss removal

Data reliability;

statistical-quality role

Controlled change;

change-control stability

Cross-cutting application
of data reliability and
change-control stability;

phase-aligned digital
authority

Principal
supporting
literature

[36], [38],
[39], [51]

[11, 2], [4], [6]

2], [24], [25],
26]

1], [4], [6],
49]

12], [15],
37],147],
56]

1], [4], [6],
38]

27], [29],
30], [33]

Digital model mismatch is not treated as a seventh readiness dimension. It is governed principally
through data reliability and change-control stability. The permitted level of digital decision authority is
adjusted according to the credibility of the model and its inputs.

2.1 Theoretical Mechanism and Contingency Logic

The proposed readiness gate is mainly explained by organizational information-processing theory [52]-
[54]. This theory states that an organization must match its need for information with its ability to
collect, combine, and understand that information. During ramp-up, both uncertainty and ambiguity
increase. Uncertainty means that teams do not have enough knowledge about the process or the likely
results of a decision. Ambiguity means that the same production loss may have several reasonable

explanations [54].
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Before teams make permanent improvements, they need a production baseline that is stable enough to
understand. Recurring losses must be separated from one-time launch problems. When the amount or
complexity of evidence exceeds the team'’s ability to evaluate it, poor decisions can follow. Process
settings, work standards, or digital recommendations may then be based on temporary or incorrectly
classified conditions.

Phase | helps restore the balance between the information needed and the team'’s ability to process it.
Controlled changes and temporary standards reduce the number of possible explanations that teams
must examine at the same time. Measurement checks, clear event definitions, product and process
version history, and correct time order improve the quality of the evidence. Fast feedback and cross-
functional review help teams combine information from different departments. Trained employees can
also identify problems and respond correctly.

Each readiness dimension supports this process in a different way. Safety and quality containment
prevent unacceptable results. Throughput and equipment data show which operating patterns continue
to occur. Workforce readiness helps employees detect, report, and respond to problems across the
production system. Reliable data allow teams to classify events and connect results with possible
causes. Stable change control helps teams understand cause-and-effect relationships.

The readiness review does not require all uncertainty to be removed. Instead, it asks whether the team
can collect and understand enough evidence to manage what remains unknown. The amount and type
of evidence depend on product complexity, automation, regulation, product mix, process-transfer
maturity, and the number of ongoing engineering changes [53]. More difficult launches may require
longer periods of normal operation, stronger tracking of product and process versions, and more
independent review. The immediate goal is to improve decision quality and reduce the chance that
performance will fall after transition. It is not simply to maximize output as quickly as possible.
Organizational learning is strengthened when production experience is turned into knowledge that teams
can keep and use [55].

3. Readiness-Gated Management System

The proposed management system is shown in Fig. 1. Phase | is focused on stabilization and
observability. The readiness review is used to assess whether a reliable improvement baseline has been
created. Phase Il is focused on improvement, maturation and sustainment. The phases can overlap by
area. The distinction concerns the dominant management logic and the authority assigned to permanent
optimization.

3.1 Key Definitions and Level of Application

Operational readiness. The demonstrated ability of a production area to generate safe, repeatable and
interpretable performance under representative conditions.
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Representative operation. Operation with the planned product mix, staffing pattern, shift conditions and
normal support structure. Exceptional launch support is recorded separately.

Extraordinary support. Temporary labor, inspection, engineering attention, bypass activity or manual
intervention that would not be part of the intended steady-state system.

Observability. The ability to detect, classify and trace important production events. Reliable
configurations, timestamps, denominators and ownership are included.

Optimization authority. The degree to which an improvement method, analytical model or digital
recommendation is allowed to change standards, resources, parameters or production decisions.

The framework can be applied to a line, production area or process family. A plant-wide application may
be too broad. A station-level application may be too narrow. The unit should be chosen before indicators
are defined. Connected upstream and downstream effects must then be reviewed.

The six dimensions are treated as determining components of operational readiness. They jointly
constitute the readiness judgment. They are not assumed to be interchangeable measures of one hidden
characteristic. Safety, regulatory, critical-quality and material data-integrity conditions are assessed as
non-compensatory vetoes. The remaining evidence is interpreted together through recorded cross-
functional judgment.

The dimension boundaries are defined as follows. Throughput repeatability concerns recurring output
behavior under representative demand, staffing and product mix. Equipment reliability concerns asset
failure and recovery behavior. Data reliability concerns whether event records represent the physical
process accurately. Change-control stability concerns whether the current physical and documented
configuration remains interpretable. Workforce readiness concerns independent execution and
abnormality response, rather than training attendance. Safety and quality containment concerns
unacceptable consequence conditions and the effectiveness of temporary controls.

Where one event affects several dimensions, evidence should be assigned according to its primary
causal domain and cross-referenced as a consequence elsewhere. For example, an equipment failure
belongs primarily to equipment reliability. Its output effect may also be reflected under throughput
repeatability, but it should not be counted again as an independent cause.

3.2 Phase I: Stabilization and Observability

Critical-risk containment. Safety, regulatory and critical-quality conditions are treated as non-negotiable.
Additional inspection or temporary verification may be used. Each temporary control is assigned an
owner, a review date and an exit condition. Otherwise, temporary containment can become permanent
waste.

Minimum viable standardization. The safest known sequence is documented. Critical parameters,
material identity, quality points and escalation triggers are included. The standard is controlled, but rapid

Page 7/36



revision is permitted. Detailed balancing is delayed when work content is still changing.

Rapid feedback and problem visibility. Abnormalities are reviewed through short cycles. Defect and
downtime categories are defined. Ownership is assigned. Hidden support is separated from normal
operation. Problem reporting is protected because learning is reduced when employees fear blame [23]-
[26].

Workforce qualification. Training attendance is not treated as competence. Independent execution,
abnormality recognition and correct escalation are demonstrated under representative conditions.
Qualification is made visible by operation and shift.

Controlled change. Engineering changes are prioritized through a cross-functional process. Affected
standards, training, tooling and digital configurations are identified. Validation evidence is defined before
release. Several interacting changes are avoided when causal learning would be lost.

Digital observability. Digital systems are used to strengthen traceability, genealogy, parameter history,
event coding and revision control. Advanced analytics may be tested. Decision authority remains limited
by data completeness and configuration validity.

3.3 Statistical Quality Under Unstable Conditions

Statistics still play an important role in Phase I. During this phase, teams create the conditions needed
for reliable analysis. They define each measure clearly and standardize defect and downtime categories.
Product and process configurations must also be preserved in the data record.

Teams should match their measurement checks to the type of evidence and the risk of making a wrong
decision. Numerical measurements may require calibration, resolution checks, and repeatability and
reproducibility studies. The review should also cover discrimination, bias, linearity, and stability. These
factors must be considered in relation to process variation, tolerance, and the intended decision [56].

Attribute data, such as pass/fail results or defect categories, also require clear rules. Within-appraiser
and between-appraiser agreement should be evaluated. Analysts can report percent agreement together
with a measure that accounts for agreement by chance. Cohen'’s kappa may be used for two raters, while
Fleiss’ kappa may be used for several raters [58], [59]. Analysts should also report whether some
categories appear much more often than others. Category imbalance can affect agreement measures.
The framework does not set one acceptance limit for every situation. Teams should choose the study
design and acceptance criteria based on the harm caused by an incorrect classification. They should
also control any rules used to reclassify data.

Before comparing rates, teams must confirm that the denominators are consistent. Time order should
be preserved. Records should allow users to trace the product variant, process revision, shift, operating
condition, and use of extra support. Teams should not assume that data collected under temporary
containment represent normal production.
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Teams should select control charts based on the data type, subgroup structure, denominator behavior,
event frequency, product mix, and dependence over time [37], [57]. X-bar and R or X-bar and S charts
should be used only when teams can form rational subgroups. Individuals and moving-range charts may
be suitable for separate continuous measurements. The choice among p, np, ¢, and u charts depends on
sample size and opportunity counts. Some data require other methods. Examples include rare events,
greater-than-expected variation, measurements related over time, and mixed-product data. These cases
may require specialized charts, model adjustments, or separate analysis by product or operating
condition. Teams should use defined rules to identify runs, shifts, trends, cycles, and other nonrandom
patterns. Visual judgment alone is not enough.

Statistical stability and meeting specifications are not the same. A stable process may still fail to meet
requirements. A process may also meet requirements for a short time while remaining unstable.
Capability indices should therefore be interpreted only after the process and measurement system
become stable enough for the intended decision [36], [37].

Teams should investigate known launch disturbances as possible special causes. They should not
simply include these disturbances in a long-term average. Designed experiments can still support ramp-
up decisions. However, teams must consider process changes, time trends, and control runs when the
baseline continues to change [37].

Control limits in Phase | should be treated as temporary. Teams should investigate a launch event as a
possible special cause. However, the event should not be classified as a special cause only because it
occurred during ramp-up [37]. Before removing observations or changing control limits, teams should
connect the event to a recorded change, disturbance, configuration, or operating condition. A confirmed
change in the process or measurement system may create a new baseline. In that case, analysts should
restart the analysis window or divide the data into separate periods. They should retain product mix,
shift, configuration, containment status, and extra support as factors for separate analysis. Teams
should not create the appearance of stability by combining data from different conditions.

Phase Il gives statistical improvement methods greater decision-making authority. Teams can apply
DMAIC, statistical process control, capability analysis, and designed experiments to recurring losses that
have been confirmed. These methods are not delayed because they lack value. Their findings become
more useful when the process and measurement conditions support reliable conclusions.

The framework does not set one MSA design, control chart, capability limit, or required number of
observations for every situation. Teams should make these choices based on the measured
characteristic, sampling method, production setting, decision risk, and consequences of error.

3.4 Cross-Functional Readiness Review

The readiness review asks one practical question: is the system sufficiently stable and observable for
intensive improvement to produce durable results? A formula is not required. Evidence is reviewed by
dimension. Critical vetoes are considered first.
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Safety, regulatory, critical-quality and data-integrity conditions are non-compensatory. A strong
throughput result cannot offset an unresolved critical defect. High equipment availability cannot
compensate for unreliable product genealogy. When a veto remains open, the transition is not
authorized.

After vetoes are cleared, the remaining evidence is reviewed across representative operating periods. A
scorecard may be used. It is optional. The final decision remains cross-functional and recorded. Missing
or disputed evidence is not estimated merely to complete a dashboard.

Table 2
Operational definitions, illustrative evidence and accountable functions for the six readiness dimensions.
Dimension lllustrative indicators Evidence expected before  Primary owner
transition
Safety and Critical incidents; severe No open critical condition;  Quality
quality defect recurrence; temporary controls have
containment containment escape; special- owners and exit criteria
characteristic control
Throughput Output attainment; schedule Representative shifts Production /
repeatability adherence; cycle-time pattern;  operate within the agreed Industrial
extraordinary support range without hidden Engineering
support
Equipment Recurring failure frequency; Dominant failures are Maintenance /
reliability restoration method; understood; recovery is Engineering
availability pattern repeatable; ownership is
assigned
Workforce Independent qualification; Required operations are Production /
readiness abnormality recognition; independently covered Training
staffing coverage across relevant shifts
Data reliability Event completeness; code Loss and defect data Quality / IT/
consistency; configuration support credible Production
match; missing records prioritization and
traceability
Change-control Open changes; validation Change load can be Engineering /
stability status; documentation absorbed without losing Program
synchronization; configuration  cause-and-effect visibility Management
mismatch

3.5 Phase Il: Improvement and Maturation

Verified loss removal. Improvement resources are directed toward recurring losses that have been
confirmed by evidence. Pareto analysis and structured root-cause methods are used. The most visible
problem of the day is not automatically treated as the largest system loss.

Refined standard work and balancing. Provisional standards are converted into validated methods.
Timing, ergonomic needs, quality points and training content are integrated. Balancing is tightened as
cycle-time distributions become more stable.
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Statistical improvement and control. DMAIC, SPC, capability analysis and designed experiments are
applied to recurring losses. Control plans are updated. Regression signals are defined. Improvement is
closed only after the new condition is sustained.

Robust error-proofing and automation. Poka-yoke and automation are designed around verified failure
mechanisms. Detection, response, override and recovery functions are validated. Automation is
managed as a production-system change, not as an isolated installation.

Validated digital decision support. Digital twins and analytical models may be used for scenario
evaluation, scheduling, maintenance and parameter decisions. Verification and validation continue after
transition [27]-[35]. Passage through the gate does not make a model permanently valid.

Sustainment. Temporary controls are removed after evidence is recorded. Standards, training and
control plans are synchronized. Ownership is transferred into daily management. Performance
regression is monitored.

Table 3
Phase-specific management logic.
Design element Phase I: stabilization and observability Phase Il: improvement and
maturation
Primary question Can the system operate safely, Which verified losses should be
repeatably and visibly? removed or optimized?
Management Containment, qualification, feedback, Capability, productivity,
emphasis repeatability and data integrity robustness, cost and sustainment
Standardization Provisional, risk-focused and rapidly Validated, trained, balanced and
revisable scalable
Lean role Visual abnormality control, basic Loss-prioritized Kaizen, refined
problem solving and minimum viable standard work, flow and
standard work balancing
Statistical role Operational definitions, measurement DMAIC, SPC, capability analysis,
adequacy and evidence of stability DOE and sustained control
Digital role Capture, traceability, revision control and Prediction, simulation,
human-reviewed diagnosis optimization and controlled
automation
Change Limit interacting changes and protect Execute a prioritized roadmap and
governance causal learning institutionalize gains

3.6 Phase-Aligned Digital Support

The same technology may serve different purposes as maturity changes. A manufacturing execution
system may first be used to establish genealogy. It may later support statistical monitoring. A digital
twin may first be used for virtual commissioning or hypothesis generation. Optimization authority can be
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increased after model-to-plant agreement has been demonstrated. This progression is consistent with
the reported need for verification, validation and governance in digital manufacturing [27]-[35].

Table 4
Phase-aligned use of digital production capabilities.

Capability Phase | use Main readiness risk Phase Il use
MES and Capture execution, Missing events; Trend analysis,
genealogy configuration, operator and  inconsistent codes; late  capability evidence and

defect records corrections control-plan support
Digital work Controlled revision and Version mismatch; Stable standard work,
instructions point-of-use access temporary methods training integration and

outside control change traceability

Andon and Short feedback loops and Alarm inflation; unclear Recurrence analysis
escalation response timestamps closure categories and response
systems optimization
Digital twin / Virtual commissioning, Model fidelity and Validated scheduling,
simulation sensitivity analysis and synchronization capacity and parameter

hypothesis generation uncertainty decisions
Machine Anomaly screening with Sparse labels; drift; Predictive quality,
learning / Al human review unstable process maintenance and

states prescriptive support

Dashboards Visibility of missing data, False precision; Loss prioritization,
and analytics disturbances and learning unstable denominator control and

progress sustainment

4. Practical Implementation Protocol

4. Practical Implementation Protocol

Implementation should begin before start of production. The gate is designed with the launch plan. It is
not added after problems appear. The unit of application, review frequency, veto conditions and evidence
owners are defined first.

4.1 Governance Roles and Review Cycle
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Table 5

Practical governance matrix for the readiness review. A standard decision record should be completed
at each formal readiness review. The blank structure in Table 6 preserves the evidence basis, dissent,
conditions and limits of the authorization. It does not prescribe universal numerical thresholds.

Function

Production

Quality

Maintenance

Engineering

Industrial
Engineering

Training /
Supervision

IT / Data
owners

Launch
leadership

Evidence owned

Output, staffing,
representative-shift
performance, support hours

Critical conditions, escape
risk, containment, defect
recurrence

Recurring failures, recovery
method, temporary technical
support

Open changes, validation,
process configuration and
work-content changes

Cycle-time behavior, workload,
flow and balancing
assumptions

Independent qualification and
abnormality recognition

Event completeness, code
control, interfaces and
synchronization

Conflicting evidence,
extraordinary support and
transition decision

Typical review
frequency

Daily review;
weekly gate
summary

Each shift and
daily

Daily and
weekly

Weekly or after
major change

Weekly

Weekly and
after standard
revision

Daily quality
check; weekly
review

Formal gate
review

Decision responsibility

Confirm normal operating
performance and unresolved
execution barriers

Maintain veto status; verify
closure evidence

Confirm equipment
repeatability and restoration
standards

Protect configuration
integrity and causal visibility

Determine whether timing
data can support permanent
balancing

Confirm workforce coverage
by operation and shift

Confirm that information is
current and representative

Record the decision,
rationale, conditions and
next review date
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Table 6

Blank decision record for documenting readiness evidence, vetoes, extraordinary support, authorization

boundaries, reversion triggers and dissent.

Decision-record field
Unit of application

Review date and evidence
period

Product and configuration

Representative-operation
basis

Open vetoes

Extraordinary support

Dimension evidence

Decision

Approved authority
Conditions and reversion
triggers

Next review

Approvers and challengers

Required entry

Line, production area, or process family

Dates covered by the evidence and the formal review date

Product mix, process revision, software state, and relevant change
status

Staffing, shifts, demand, support structure, and operating
assumptions

Condition, owner, closure requirement, verification evidence, and
independent challenger

Temporary labor, inspection, engineering attention, bypasses, or
manual intervention

Source, owner, period, limitations, missing evidence, and unresolved
disagreement

Authorize, defer, limit, or return to Phase |

Methods, parameters, standards, decisions, or areas included in the
authorization

Actions required before broader authorization and events that
invalidate the baseline

Date and event-based trigger

Participating functions, final approver, and recorded dissent

4.2 Decision Sequence

First, the planned transition date is treated as a review point rather than an automatic phase change.
Second, critical vetoes are examined. Third, evidence is reviewed across the six dimensions. Fourth,
extraordinary support is separated from normal performance. Fifth, conflicts are discussed across
functions. Finally, the transition is authorized, deferred or limited to a defined area.

A partial transition can be used. One process family may enter Phase Il while another remains under
Phase | governance. The downstream effect must be reviewed. Local optimization is not approved when
it shifts instability elsewhere.

The decision record in Table 6 is mandatory for a formal gate review. Representativeness is confirmed by
the participating functions and the assumptions are recorded. Veto closure is verified by the evidence
owner and challenged by an independent function. Missing evidence is listed as unresolved; it is not
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estimated. Partial authorization is bounded by area, method and decision authority. A return to Phase |
controls is required when a major product, process or data-system change invalidates the baseline.

4.3 lllustrative Decision Vignette

Consider a hypothetical mixed-model assembly launch. Management has scheduled a move from launch
governance to intensive optimization after a fixed number of weeks. Output has improved by the planned
review. Several engineering changes are still open. Workforce independence is uneven across shifts.
Defect and downtime codes are also being corrected. No critical safety condition is open.

A calendar-based decision would allow the full optimization roadmap to begin because the date has
been reached. The readiness-gated system would retain Phase | governance. The decision would not be
based on a low aggregate score. It would be based on unresolved evidence concerning change
interaction, workforce capability and data reliability.

At a later review, configurations and work instructions have been reconciled. Training status is current.
Representative shifts can operate without extraordinary support. Recurring losses can be separated
from temporary launch disturbances. The broader Phase Il roadmap may then be authorized. The
decision is recorded by the cross-functional team.

The vignette shows how the information used in a transition decision is changed. It does not prove that
readiness-gated governance is superior. That claim requires longitudinal or comparative evidence.

Table 7
Difference between calendar-led and readiness-gated transition logic.
Decision feature Calendar-led transition Readiness-gated transition
Trigger Scheduled date or nominal Demonstrated operational and information
milestone readiness
Treatment of May be embedded in reported  Recorded separately from normal
support output operation
Treatment of critical  Managed within launch Explicit veto before transition
risk controls
Treatment of data Often assumed after system Reviewed as a readiness dimension
quality activation
Transition scope Often plant-wide or program- May be limited by area or process family
wide
Decision output Phase change Authorize, defer, limit or reverse

improvement authority

5. Simulation-Based Policy Stress Test

5.1 Purpose and Validation Boundary
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A computer simulation with random variation tested how the proposed transition rules behave under
uncertain production conditions. Its main purpose was to determine whether a readiness gate can select
a reasonable transition time when the available evidence is incomplete or noisy. The experiment did not
model a specific factory or estimate the actual improvement that a company might achieve. The model
used no company production data to define its structure, set its inputs, or calculate its outcomes. The
experiment therefore serves as a policy stress test rather than proof of real-world performance. This use
follows accepted simulation principles. A model can help explain how decision rules work and where
they may fail even before it has been tested in a real production system [61].

The experiment also avoided a circular comparison by separating the information used to make
decisions from the information used to judge the results. The calendar and readiness policies could
observe only the planned timing, noisy readiness measures, and visible temporary support. The post-
transition regression result was generated from hidden readiness conditions, risk factors that varied
across launches, and combined effects among those factors. Neither policy could observe this hidden
information. The gate was therefore not given direct access to the outcome measure used to judge its
performance.

The experiment tests whether the policy can make reasonable decisions with limited information. It does
not test whether the six readiness dimensions cause better results in real factories. The model assumes
that hidden readiness gaps can increase the risk of performance declining after transition. Given that
assumption, the simulation asks whether a policy can choose a suitable transition time by using only
noisy evidence that may be affected by temporary support. If readiness does not affect later
performance in a real production system, the simulation cannot establish that the gate will be effective.
Independent field evidence would then be required.

5.2 Stochastic Launch Model

Each synthetic launch contained six latent readiness states x(i,t) in the interval [0,1], corresponding to the
six proposed dimensions. States began at heterogeneous immature levels and generally matured over
36 review periods. Maturation slowed with launch complexity and unresolved disruption. Random
shocks temporarily reduced one to three dimensions. Extraordinary support began at a launch-specific
level and decayed over time.

Observed readiness y(i,t) differed from latent readiness because of measurement noise. The observation
error decreased as data reliability improved. Temporary support was also allowed to mask observed
safety/quality, throughput and equipment performance to different degrees. In compact form, observed
readiness was represented as

y(i,t) = clip[x(i,t) + measurement error + support-masking effect, 0, 1].

This structure operationalizes the paper's distinction between true operating maturity and a launch that
appears capable because of temporary intervention.
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The latent-observed separation represents a management problem rather than only a computational
device. During ramp-up, apparent performance may reflect measurement error, temporary engineering
support, containment or other extraordinary intervention. A decision rule based on visible performance
can therefore authorize too early when temporary support masks immaturity; conversely, a rule that
demands excessively persistent evidence can authorize too late when measurements remain noisy. The
experiment deliberately permits both errors.

Post-transition regression risk was generated separately from the decision rules. The hidden risk
function increased with latent readiness deficits, the interaction between data and change-control
deficits, the weakest readiness dimension, extraordinary-support dependence, launch complexity and
unresolved disruption. Dimension weights varied across launches. The resulting probability is a synthetic
model output, not an empirical probability of a plant event. The outcome equation was intentionally
unavailable to the transition policies.

5.3 Policy Definitions, Experimental Design and
Reproducibility

Five environmental inputs were varied across broad synthetic ranges: complexity, baseline learning rate,
disturbance rate, observation noise and support-masking strength. One hundred input combinations
were generated with Latin hypercube sampling to spread design points across the multidimensional
input space [60]. Each combination was replicated 250 times, producing 25,000 synthetic launches. A
fixed master random seed was used. Common random numbers were retained within each launch so
that policies faced the same underlying trajectory and period-specific stochastic outcome draws,
reducing Monte Carlo noise in paired comparisons.
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Table 8

Synthetic experimental design and decision-policy settings.

Element

Launch
complexity

Baseline
learning rate

Base
disturbance
rate

Observation
noise

Support
masking

Design size
Calendar
policies

Gate-lenient

Gate-baseline

Gate-strict

Synthetic setting
0.00-1.00

0.09-0.17 per review period

0.04-0.20 per review period

0.025-0.120

0.05-0.80

100 Latin-hypercube settings x 250
replications

Transition at periods 10, 14, 18 or 22

Lower thresholds; support < =0.35;
one qualifying period

Dimension thresholds 0.62-0.72;
support < =0.30; two consecutive
periods

Thresholds + 0.04; support < =0.22;
three consecutive periods

Purpose

Varies maturation difficulty and
disturbance exposure

Varies speed of latent readiness
maturation

Varies recurring launch shocks

Varies disagreement between latent
and observed readiness

Varies how strongly temporary support
can improve apparent performance
25,000 synthetic launches

Tests early-to-late fixed milestones

Tests early authorization tendency

Primary readiness-gate setting

Tests over-conservatism and deferral
risk

The numerical thresholds are experimental settings, not recommended industrial limits. Three gate
settings were tested specifically to prevent the conclusion from depending on one preferred threshold
choice. Four calendar milestones were included because any fixed date can look favorable if it is chosen

after observing the simulated trajectories.

The 36-period horizon and all numerical policy thresholds are dimensionless experimental constructs. A

review period is not intended to represent a day, week or month. Thirty-six periods were selected to

accommodate early, intermediate and late fixed-transition policies (periods 10—22) while preserving a

further observation window for adaptive authorization and deferral. The threshold vector similarly

instantiates the noncompensatory gate logic rather than a transferable industrial standard. Lenient,

baseline and strict variants were included to expose sensitivity to policy conservatism rather than to
identify a universally optimal threshold set.

5.4 Results and Robustness
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The fixed calendar policies displayed the expected risk-delay trade-off. Mean modeled regression risk
decreased from 0.409 at calendar period 10 to 0.189 at period 22. The baseline readiness gate
authorized 84.3% of launches within the 36-period horizon. Among authorized launches, its mean
transition period was 18.37, mean modeled regression risk was 0.157 and the simulated regression-
event rate was 0.155. The lenient gate authorized earlier but at higher modeled risk. The strict gate
reduced modeled risk further but deferred 27.4% of launches. Table 9 summarizes the policy outcomes.

Table 9

Synthetic policy outcomes across 25,000 launches. Gate risk and regression values are calculated
among launches authorized within the 36-period horizon. All numerical risks are outputs of the synthetic
model and must not be interpreted as empirical plant probabilities.

Policy Mean transition Deferral Mean modeled Simulated regression
period rate risk rate

Calendar 10 10.00 0.0% 0.409 0.410

Calendar14  14.00 0.0% 0.297 0.298

Calendar 18 18.00 0.0% 0.230 0.229

Calendar22  22.00 0.0% 0.189 0.188

Gate lenient 14.44 5.5% 0.257 0.259

Gate 18.37 15.7% 0.157 0.155

baseline

Gate strict 21.34 27.4% 0.113 0.111

Paired comparisons show why the result should not be framed as universal superiority. On the 21,071
launches authorized by the baseline gate, its mean modeled risk was 0.157. The same launches had
mean risks of 0.247, 0.182 and 0.144 under fixed calendar transitions at periods 14, 18 and 22,
respectively. Thus, compared with period 18, the adaptive gate reduced mean modeled risk by 0.025, but
compared with the later period-22 policy it increased mean risk by 0.013. A sufficiently late calendar
transition can therefore reduce risk, but it imposes the same delay on easy and difficult launches.

A second robustness check used the first period at which hidden modeled regression risk fell below 0.20
as a diagnostic low-risk benchmark. This benchmark was not available to the policies and is not
proposed as an industrial threshold. Among launches that reached the benchmark within the horizon, the
baseline gate authorized before the benchmark in 16.8% of cases and had a mean absolute timing error
of 3.46 periods. The corresponding early-authorization rates for calendar periods 14, 18 and 22 were
53.0%, 33.3% and 20.1%, with mean absolute timing errors of 5.54, 5.94 and 7.69 periods. The baseline
gate also deferred 7.8% of launches after the synthetic benchmark had already been reached. This false-
deferral result is important: the gate can be too conservative when evidence remains noisy or
heterogeneous.
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Scenario-level sensitivity analysis reinforced the contingency interpretation. Launch complexity was
strongly associated with baseline-gate deferral (Spearman rho = 0.809) and later authorization (rho =
0.795). Faster learning reduced deferral (rho = -0.412) and transition time (rho = -0.535). Disturbance rate
had a smaller positive association with deferral (rho =0.211). These associations describe the synthetic
experiment; they are not empirical causal estimates.

Two counter-results are especially important for interpretation. First, the later period-22 calendar policy
produced lower mean modeled risk than the baseline gate among baseline-authorized launches,
showing that lower risk can be purchased through uniform delay. Second, the baseline gate falsely
deferred some launches after the hidden diagnostic benchmark had already been reached, showing that
imperfect evidence can make adaptive governance overly conservative. These unfavorable outcomes are
retained because they define the boundary of the contribution: readiness gating is proposed as an
adaptive risk-timing mechanism, not as a universally dominant transition rule.

5.5 Horizon and Alternative Outcome-Model Sensitivity

Two additional robustness tests were conducted to challenge the two most direct model-form
criticisms. First, the same 25,000 synthetic launch trajectories were evaluated with finite analysis
horizons of 30, 36, 42 and 48 review periods; the latent and observed trajectories and hidden reference
outcome path were held fixed so that only the reporting cutoff changed. Second, the baseline gate at the
36-period horizon was rescored under five hidden outcome structures: the reference heterogeneous
model, a sparse-dimension model in which only two or three randomly selected readiness dimensions
affected outcome, a weak-readiness model in which contextual terms dominated, an interaction-
dominant model, and a placebo-null model in which outcome risk was constant across periods and
independent of readiness, support and transition timing. The robustness run used the same 100 Latin-
hypercube environmental settings, 250 replications per setting and an independent fixed seed.

The independent 36-period robustness run closely reproduced the primary baseline result: 15.4%
deferral, a mean authorization period of 18.44 and mean modeled risk of 0.158 among authorized
launches, compared with 15.7%, 18.37 and 0.157 in the primary run. Horizon extension reduced the
fraction classified as deferred because late-authorizing launches were given additional time, but mean
modeled risk among authorized launches changed by less than 0.002 across the 30-48 period range.
Deferral is therefore horizon-dependent, as expected, whereas the risk estimate for authorized launches
was comparatively insensitive to the cutoff.
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Table 10

Horizon sensitivity of the baseline readiness gate in an independent 25,000-launch robustness run.
Positive Delta(C18-Gate) values indicate lower mean modeled risk for the gate than for a fixed period-18
transition on the same authorized launches. All values are synthetic.

Horizon  Authorized Deferral Mean gate Mean gate Delta(C18-
launches (%) period risk Gate)

30 19,431 22.28 17.13 0.1582 +0.0077

36 21,144 15.42 18.44 0.1575 +0.0260

42 22,243 11.03 19.48 0.1572 +0.0387

48 22,966 8.14 20.29 0.1568 +0.0473

The hidden outcome equation was then made progressively less favorable to the framework. Relative to
calendar period 18, the baseline gate retained a positive mean paired risk difference under the reference
(+0.0260), sparse-dimension (+ 0.0106), weak-readiness (+ 0.0123) and interaction-dominant (+ 0.0185)
models. The magnitude declined when readiness carried less or more selective outcome information.
Under the placebo-null model, every paired policy difference was exactly zero because outcome risk was
constant over time for each launch. This null result is a diagnostic safeguard: the gate receives no
mechanical risk advantage from its timing rule when readiness is removed from the outcome
mechanism.

Table 11

Alternative hidden-outcome-model sensitivity on the 21,144 launches authorized by the baseline gate
within 36 periods. Delta values are calendar mean modeled risk minus gate mean modeled risk; positive
values favor the gate within that model. Absolute risk levels should not be compared across model

forms.
Hidden outcome Gate mean Delta(C14- Delta(C18- Delta(C22-
model risk Gate) Gate) Gate)
Reference 0.1575 +0.0917 +0.0260 -0.0126
Sparse-dimension 0.1409 +0.0374 +0.0106 -0.0060
Weak-readiness 0.1948 +0.0289 +0.0123 +0.0013
Interaction-dominant 0.1267 +0.0528 +0.0185 -0.0020
Placebo-null 0.2114 0.0000 0.0000 0.0000

These tests sharpen rather than expand the claim. The readiness gate is not supported because it
always wins; it does not. A late calendar policy can still produce lower modeled risk, the reported deferral
percentage depends on the analysis horizon, and the gate loses all modeled advantage when the
assumed readiness-outcome relationship is removed. The computational contribution is therefore
conditional: if readiness contains meaningful but imperfectly observed information about transition
vulnerability, an adaptive gate can improve the risk-timing decision relative to selected fixed milestones.
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Whether that premise holds, and which dimensions and thresholds matter in a real production system,
remains an empirical question.

6. Discussion

The simulation provides a structured check of how the proposed decision rules behave. It shows that the
readiness gate creates a real trade-off between reducing risk and avoiding unnecessary delay. The gate
does not produce a guaranteed advantage in every situation. Under difficult simulated conditions, high-
risk early transitions were reduced when the gate adjusted approval timing to each launch. However,
settings that were too strict caused avoidable delays and left more launches waiting for approval.

The practical lesson is that launch teams should adapt the gate to their operating conditions. Evidence
requirements, readiness limits, and review frequency should be adjusted for product complexity,
automation, workforce experience, production changes, and other launch conditions. Teams should not
convert readiness into one fixed score for every launch.

The goal is not to make the gate as strict as possible. If the requirements are too lenient, temporary
stability may be mistaken for true production readiness. If they are too strict, launch controls may
continue after the production system has become ready for broader improvement. The main rule is
simple: managers should allow greater decision authority as the evidence becomes more reliable, the
production system becomes more stable, and dependence on temporary support decreases.

6.1 Contribution to Production Engineering

The framework provides a management system rather than a new Lean tool. Basic Lean practices
remain important from the beginning of ramp-up. However, their main purpose changes as the
production system becomes more stable. Early Lean practices are used to identify problems, control
risks, and make abnormal conditions visible. Later practices are used to remove confirmed losses and
maintain a stable production method.

The second contribution is treating the ability to see and understand production conditions as an
important production capability. Output, quality, and equipment availability remain important measures.
However, these measures alone do not show whether teams understand the causes behind the results.
Teams also need complete event records, consistent definitions, and the ability to trace product and
process versions. Temporary labor, inspection, engineering help, and other launch support must also
remain visible.

The third contribution is the gradual increase of improvement authority. Analytical and digital tools can
support the launch from an early stage. However, managers should not give their recommendations the
same decision-making power at every stage. Greater authority is given after teams confirm that the
production baseline is stable and clear enough to support reliable decisions.
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This approach supports earlier research that connects Lean practices with digital technologies [17]-[22],
[40]-[45]. It also applies research on readiness and decision management [46]-[50] to one specific ramp-
up question: when should a production area move from stabilization to broader improvement?

6.2 Relationship to Existing Launch Systems

APQP, PPAP, Control Plans, and safe-launch practices remain necessary. They manage required launch
documents, validation evidence, product and process risks, customer approval, release requirements,
and temporary containment [38], [39], [51]. The proposed framework does not replace any of these
systems.

Instead, the framework addresses a different decision. It asks when production evidence is strong
enough to support broader improvement and greater decision authority. Required launch documents
may be completed while the production baseline is still changing or difficult to understand. In other
cases, one production area may become ready for broader improvement before the overall program
reaches its planned milestone.

Teams can add the readiness review to their existing launch-management process. It serves as an
additional operating decision rather than a separate launch system. Duplicate work should be avoided.
Teams should reuse evidence that already comes from quality planning, maintenance, training,
engineering, and production systems.
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Table 12

explains the different decisions made by the existing launch systems and the proposed readiness
review. APQP, PPAP, Control Plans, and safe launch continue to manage their established requirements.
The paper claims a narrower contribution: deciding whether production operations and their supporting
information are ready for greater improvement authority.

System Primary purpose Typical decision object  Relationship to the

proposed framework

APQP [38] Plan and govern product and Completion and Remains the overarching
process development, risk, approval of planning launch-assurance
change, metrics and launch and validation system.
deliverables. requirements.

PPAP [51] Demonstrate that design- Customer production- Provides approval
record and specification part approval. evidence but does not, by
requirements are understood itself, determine when
and can be met by the optimization authority
production process. should increase.

Control Define and maintain controls Approval and Provides control and

Plan [39] for product and process maintenance of control  evidence inputs used by
characteristics across methods. the readiness review.
production phases.

Safe launch  Apply heightened temporary Entry, maintenance and  Overlaps with Phase |

[39] controls during early exit from additional containment but does
production and define their launch controls. not cover every
exit. readiness dimension.

Proposed Assess whether the Authorize, defer, limit or ~ Operates within, rather

readiness operating baseline is reverse increased than instead of, existing

review sufficiently safe, repeatable improvement and launch systems.
and interpretable. digital decision
authority.

Table 12. Relationship of the readiness review to APQP, PPAP, Control Plan and safe-launch governance.

6.3 Risks and Boundary Conditions

A readiness gate can be gamed. Indicators may be manipulated. Critical conditions may be reported late.
A threshold may become a bureaucratic approval exercise. These risks are reduced when definitions are
transparent, evidence is independently challenged and the predictive value of the indicators is reviewed.

Excessive phase separation is another risk. Real ramp-ups contain local pockets of maturity. A plant-
wide gate may be too coarse. An unrestricted station-level gate may encourage suboptimization. The
unit of application should therefore be selected with system flow in mind.

The framework is less distinctive in copy-exactly transfers and low-change processes. It may be more
valuable when complexity, product mix, automation, workforce change or engineering-change load is
high. Regulated production may also require permanent controls before start of production. The
dimensions and evidence would need to be adapted.
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Phase | should not be used to excuse weak performance. Temporary controls require closure plans.
Provisional standards require version control. Below-target performance should be accompanied by
visible learning and declining recurrence. Inefficiency should not be relabeled as learning without
evidence.

7. Research Propositions and Field-Validation Agenda

The management system remains conceptually developed and has only been stress-tested with
synthetic data. The computational experiment evaluates internal policy behavior; it does not test the
following causal propositions in real production. The propositions therefore remain a field-validation
agenda and should not be interpreted as empirical results of the present study.

The propositions are stated at the production-area or process-family level and are intended for
longitudinal or comparative testing. A transition is treated as readiness-conditioned when documented
veto review, representative-operation evidence, extraordinary-support disclosure and bounded
authorization are completed before broader optimization authority is granted. Post-transition regression
may be operationalized through reopened control-plan actions, reintroduced temporary containment,
recurrence of previously closed loss categories, reversal of validated standard work, or loss of previously
demonstrated process performance within a predefined observation period.
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Table 13

Testable propositions, units of analysis, observation periods and candidate operational measures for

future validation.

Proposition

P1: Readiness-
based sequencing

P2: Measurement
and data reliability

P3: Controlled
change and
learning

P4: Workforce
qualification and
reporting

P5: Phase-aligned
digital authority

Testable formulation and candidate operationalization

At the production-area level, readiness-conditioned transitions will be followed
by a lower 90-day rate of control-plan reopening and recurrence of previously
closed loss categories than matched transitions triggered primarily by a
scheduled date.

Candidate operationalization: Matched ramp-ups or difference-in-differences.
Candidate measures: control-plan reopenings, reintroduced containment,
recurrence of closed loss codes, and reversions to earlier standards during the
first 90 days after transition.

The positive association between post-transition improvement intensity and
90-day sustained production performance will be stronger when baseline
measurement-system adequacy, classification agreement, denominator
completeness, configuration traceability and time-order integrity are higher.

Candidate operationalization: Multilevel moderated analysis across lines or
launches. Improvement intensity may be represented by verified improvement
hours, completed DMAIC actions or controlled process changes. Sustained
performance may include first-pass yield, cycle-time attainment, downtime
recurrence and reopened controls.

Within a ramp-up area, a higher weekly count of concurrent, insufficiently
validated engineering changes will be associated with a longer time to confirm
stable cause-and-effect relationships for recurring losses.

Candidate operationalization: Event-history or survival analysis. Candidate
measures: concurrent unvalidated changes per week and elapsed time from
the first recurring-loss signal to independently verified causal closure, with
complexity, staffing and automation treated as controls.

Ramp-up areas with higher independent-qualification coverage and shorter
abnormality-reporting latency will identify recurring loss mechanisms sooner.
The association is expected to be stronger when both conditions are present.

Candidate operationalization: Multilevel time-to-event analysis. Candidate
measures: qualified-operation coverage by shift, event-to-report time,
escalation completeness and time to a verified recurring-loss mechanism.

The realized benefit of predictive or prescriptive digital recommendations will
be greater when model-to-plant validation and configuration synchronization
are demonstrated before decision authority is increased. The benefit is
expected to weaken when process state or product mix departs from the
validated baseline.

Candidate operationalization: Interrupted time-series, stepped-wedge or
controlled before-and-after design. Candidate measures: prediction error,
recommendation acceptance and override rates, realized versus predicted
benefit, decision reversals and performance after out-of-baseline states.

External validation is now the first priority. Several ramp-ups should be observed from pre-production

through stable series operation. Readiness evidence, support resources, improvement timing and later

regressions should be captured. Empirical work should test whether the synthetic risk-timing behavior
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observed here persists when indicators, disturbances and outcomes are measured in operating
production systems.

Comparative case studies could examine calendar-led and readiness-led governance. Product
complexity, automation, workforce experience, supplier readiness and planned volume should be
matched. Outcomes should extend beyond nominal output. Sustained capability, defect recurrence,
standard revision, downtime concentration and support hours should also be considered.

Content validity should also be assessed. Production, quality, maintenance, engineering, training and
digital-manufacturing experts could review the dimensions and veto conditions. A favorable opinion
alone would not prove effectiveness. It would show whether the proposed architecture is understandable
and complete enough for field testing.

8. Limitations

No empirical production dataset was used. The illustrative vignette demonstrates decision logic only.
The computational experiment uses entirely synthetic trajectories and parameter ranges; it is not
calibrated to a specific company, product, process or launch. Horizon and alternative outcome-model
sensitivity tests reduce dependence on a single cutoff and a single hidden risk equation, but they do not
convert the computational study into field validation. Real operating data remain necessary to estimate
construct validity, thresholds, effect sizes and causal performance consequences.

The hidden regression-risk function shares the framework's general premise that unresolved readiness
deficits, support dependence and interacting uncertainty can increase post-transition instability. This
structural relationship is necessary for a policy stress test but prevents the simulation from serving as
independent empirical proof. Separation of observed policy inputs from latent outcome information,
heterogeneous risk weights, Latin-hypercube sampling and threshold variation reduce tautology risk but
do not eliminate model-form dependence.

The modeled regression probabilities, the 0.20 diagnostic benchmark, gate thresholds and review-period
horizons are synthetic experimental constructs. They are not recommended operating limits. The horizon
test showed that the reported deferral rate changes materially with the finite cutoff, even though mean
modeled risk among authorized launches remained nearly unchanged from 30 to 48 periods. Alternative
hidden outcome structures also changed the magnitude of the gate advantage, and the advantage
disappeared under the placebo-null outcome model. These are useful model-form checks, but they do
not validate the assumed latent readiness-outcome relationship.

The literature was synthesized through a concept-driven approach. It was not selected through a
complete systematic-review protocol. Relevant studies may therefore have been omitted.

The six dimensions are provisional formative components. Their boundaries may overlap. Indicator
definitions, review periods and local adaptations require validation.
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The framework assumes that reasonably credible evidence can be obtained. Political reporting, weak
instrumentation or fragmented systems may limit that assumption. Independent observation may then
be required.

The system simplifies spatial and temporal differences. Stations, shifts, suppliers and product variants
may reach readiness at different times. Further research should examine the appropriate level of
aggregation.

9. Conclusions

A readiness-gated management system has been proposed for manufacturing ramp-up. The system
separates stabilization-oriented governance from improvement-oriented maturation. Lean, statistical and
digital practices are used in both phases. Their purpose and authority are changed as evidence quality
improves.

Six dimensions are reviewed: safety and quality containment, throughput repeatability, equipment
reliability, workforce readiness, data reliability and change-control stability. Critical vetoes are considered
first. Cross-functional evidence is then reviewed under representative operating conditions.

The practical message is direct. A planned date should be used as a review point, not as automatic proof
of readiness. Temporary launch support should be made visible. Improvement should be intensified
when recurring losses can be interpreted without embedding unstable conditions into permanent
standards or digital decisions.

The framework is intended to complement established launch systems. A synthetic policy stress test,
horizon sensitivity analysis and alternative hidden-outcome checks indicate that adaptive readiness
gating can improve the alignment between transition timing and modeled post-transition vulnerability
when readiness contains meaningful outcome information, while excessive conservatism can create
delay and deferral. The advantage is conditional rather than universal and disappears when readiness is
deliberately removed from the synthetic outcome mechanism. Field validation through expert review,
longitudinal launches and comparative cases is therefore still required.
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Figure 1

Readiness-gated transition from stabilization and observability to improvement and maturation. The
cross-functional review authorizes, limits, defers or reverses optimization authority after critical vetoes
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Figure 2

Six formative readiness dimensions reviewed by the cross-functional team. Safety, regulatory, critical-
quality and material-data-integrity conditions are treated as non-compensatory vetoes.
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Synthetic risk-timing trade-off across fixed calendar and readiness-gated transition policies. Gate points
show mean transition timing among authorized launches; labels also report the proportion deferred
beyond the 36-period horizon.
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