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At a glance

EVIDENCE SNAPSHOT SOURCE-DEFINED MEASURE

17–20% Overall U.S. business AI use observed by Census, Dec. 2025–May 2026

37% AI use among firms with at least 250 employees in the cited Census period

~500K U.S. machine tools in NIST's AIMS program context

11 sources Census, NIST and Department of Energy records

Census changed its AI question wording in November 2025 to ask about use in any business function. Earlier series are not directly comparable
without accounting for that change.

Executive finding
Industrial AI is leaving the demonstration phase unevenly. The strongest applications connect a defined physical

process, trustworthy measurements, domain constraints and an accountable operator. The weakest begin with a

general model and search for a factory problem afterward.

Census's Business Trends and Outlook Survey found overall U.S. business AI use hovering between 17 and 20

percent from December 2025 through May 2026, with 37 percent of firms employing at least 250 people reporting

use in the period discussed. Census also notes that its question changed in November 2025 from AI used in

producing goods or services to AI used in any business function, so earlier and later readings are not directly

comparable without that methodological break.

Adoption is therefore broad enough to matter but not specific enough to prove industrial deployment. Drafting,

search or customer support can make a manufacturer an AI user without placing a model near a machine,

inspection process or production schedule. Industrial authority requires use-case evidence.

The industrial AI stack
A production system can be viewed as five linked layers: physical asset, sensing and measurement, data

infrastructure, model or simulation, and human or automated action. A failure in any layer can make an accurate

model operationally useless. If measurements drift, identifiers break, timestamps disagree or an action cannot be

executed safely, the AI layer does not rescue the system.

NIST's 2026 Roadmap on AI and Machine Learning for Smart Manufacturing describes opportunities across

big-data analytics, sensing, autonomous systems, additive and laser manufacturing, digital twins, robotics, supply

chains and sustainability. It also identifies persistent barriers in data complexity, management, heterogeneous

control systems, trustworthiness, explainability and reliability.

The last mile to production is therefore integration and assurance. A laboratory result must survive real cycle times,

variable material, tool wear, operator practices, network constraints, maintenance, safety and a cost model that

justifies ongoing operation.
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Start with measurable failure
Industrial AI creates leverage when the target is observable and economically meaningful: unplanned downtime,

scrap, defect escape, energy use, schedule instability, tool life, inspection bottlenecks or a hard-to-predict process

window. The baseline, intervention and result should be defined before the model is selected.

NIST's Augmented Intelligence for Manufacturing Systems program focuses on fusing integrated metrology,

physics-based models and AI to monitor and predict machine and process performance. NIST describes roughly

500,000 U.S. machine tools and highlights the difficulty of collecting production measurements such as cutting

forces and vibration at sufficient quality.

That program's framing is important: physics and measurement do not disappear when machine learning arrives.

They constrain the model, expose impossible outputs and help determine whether performance transfers from one

machine to another.

Metrology is the trust layer
A model can be statistically stable while the physical system has drifted. Calibration, uncertainty, traceability and the

measurement process determine whether a change in the data represents a change in the part, tool, environment,

sensor or pipeline.

Metrology is therefore not an inspection step added after AI. It is part of the model's evidence. Training labels,

reference artifacts, sensor placement, sampling rate and acceptance thresholds all shape what the system can

learn. A prediction without a credible measurement chain should not control a high-consequence process.

NIST's 2026 manufacturing workshop agenda explicitly centers trust, safety, evaluation, physical AI, digital twins,

data infrastructure, interoperability and human-machine teaming. That agenda is evidence of an active standards

problem, not proof that the problems are solved.

Digital twins: model, not mirror
A digital twin is not automatically a perfect digital copy. NIST describes it as a computer model of a physical system

with the potential for high accuracy, precision and flexibility. Manufacturing applications include machine health,

alternative schedules, maintenance, virtual commissioning and process optimization.

NIST estimates planned downtime in U.S. discrete manufacturing at 8.3 to 13.3 percent of planned production time

and attributes approximately $245 billion in losses to downtime, with additional defect losses. Those estimates

create an economic case for better modeling; they do not guarantee that any specific twin will capture the savings.

The 2026 NIST workshops report highlights interoperability, verification, validation, uncertainty quantification,

cybersecurity and workforce readiness as persistent challenges. A credible twin states which system boundary it

represents, how it is synchronized, how it is validated and which decisions it is allowed to influence.

Additive, robotics and process assurance
Additive manufacturing expands the data problem because material, geometry, machine state, path planning,

environment and post-processing can all influence the part. NIST's AI for Additive Manufacturing work connects
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machine learning, digital threads and digital twins to process and quality assurance, first-part-correct goals and

shorter lead times.

Robotics and autonomous coordination add action risk. A model that recommends a schedule can be reviewed

before execution; a model that changes motion or process settings acts in the physical world. Validation, safe

states, permissions and human override should scale with the consequence of the action.

The right maturity model is not chatbot, copilot, agent, autonomy as a marketing ladder. It is observe, recommend,

simulate, approve, execute and monitor—with explicit evidence requirements at every transition.

FOUNDER OF DELTA ARC — PRACTITIONER OBSERVATION

Practical systems work repeatedly shows that the hardest part is not producing another output. It is making the

output trustworthy enough, timely enough and clear enough for the responsible person to act. This observation is

intentionally generalized and does not identify any company, individual, installation, customer or event.

Generative AI belongs in bounded roles
Generative AI can reduce friction around manuals, work instructions, troubleshooting, code explanation, scheduling

inputs and access to institutional knowledge. It is strongest when retrieval is constrained to authoritative material,

the task is reversible and the user can inspect the basis for the answer.

It is weaker when an answer is accepted because it sounds complete. NIST's Generative AI Profile identifies risks

that can be novel or amplified by generative systems and proposes lifecycle actions within the AI RMF structure.

Industrial implementations should map those risks to physical consequences rather than treating output errors as

ordinary office mistakes.

Human-machine teaming remains a design problem. NIST's program on manufacturing digital twins explores

incremental exposure to complex tools and generative interfaces that help formulate scheduling problems. The goal

is capability transfer and joint work, not removal of operator knowledge.

Govern, map, measure, manage
NIST's AI RMF provides a useful control vocabulary: Govern accountability and policy; Map the context, actors and

impact; Measure performance and risk; Manage priorities and response. The framework is voluntary and

cross-sectoral, so each industrial implementation still needs machine-, process- and safety-specific controls.

A production AI record should identify model version, training and validation boundary, machine or line, sensor and

calibration state, input window, recommendation, approval, executed action and outcome. Without that chain, teams

cannot distinguish model failure from sensor failure, process change or execution error.

Governance should also define stop conditions. Drift, missing data, implausible input, changed tooling,

maintenance, software update or material substitution may require revalidation. A model that cannot know when it is

outside its evidence boundary is not ready for unattended authority.

Scenarios entering 2027
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Base case—bounded AI expands. Manufacturers deploy more inspection support, maintenance forecasting,

scheduling and knowledge retrieval, while high-consequence autonomous control remains concentrated in validated

applications.

Acceleration case—data infrastructure and digital twins mature together. Standards, lower-cost sensing and better

integration make machine-specific models easier to maintain. Benefits concentrate among organizations that can

connect measurements to operating action.

Constraint case—pilot volume rises faster than production value. Fragmented data, workforce gaps, cybersecurity

and weak validation stall scale. Investment shifts from general models to instrumentation, interoperability and

smaller measurable use cases. These are scenarios, not forecasts.

What to measure next
Delta Arc will track production-scale deployments with disclosed baselines, validation boundaries, human roles and

measured outcomes. Deployment counts without process context will not be treated as proof of industrial value.

Priority indicators include downtime avoided, defect and scrap change, false-alarm cost, time to detect, time to

intervention, model drift, revalidation frequency, operator adoption, energy intensity and the percentage of

recommendations that produce a verified operating improvement.
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Methodology and evidence boundary
Prepared from public statistical releases, government and standards guidance, research programs, industry records

and explicitly identified vendor evidence available through September 29, 2026. Source classes remain visible.

Delta Arc received no compensation from any named source. Practitioner observations are intentionally generalized

and are not market-wide empirical estimates.

Source register
1. U.S. Census Bureau. Large Firms With at Least 20 Employees Biggest AI Users. May 26, 2026 · Government statistical analysis.
https://www.census.gov/library/stories/2026/05/ai-use-businesses.html
BTOS analysis with disclosed question change and observed firm-size differences.

2. NIST. 2026 Roadmap on Artificial Intelligence and Machine Learning for Smart Manufacturing. July 3, 2026 · Government research publication.
https://www.nist.gov/publications/2026-roadmap-artificial-intelligence-and-machine-learning-smart-manufacturing
Industrial AI applications, foundations, barriers and research directions.

3. NIST. Augmented Intelligence for Manufacturing Systems. updated July 17, 2026 · Government research program.
https://www.nist.gov/programs-projects/augmented-intelligence-manufacturing-systems-aims
Metrology, physics and AI for machine monitoring and prediction.

4. NIST. Artificial Intelligence for Manufacturing Workshop. May 27–28, 2026 · Government workshop record.
https://www.nist.gov/news-events/events/2026/05/artificial-intelligence-ai-manufacturing-workshop
Trust, physical AI, data infrastructure, interoperability and human-machine teaming topics.

5. NIST. Digital Twins. accessed September 29, 2026 · Government research overview.
https://www.nist.gov/digital-twins
Definitions, use cases, economic estimates and standards work.

6. NIST. Digital Twins Workshops Summary Report. July 21, 2026 · Government research publication.
https://www.nist.gov/publications/digital-twins-workshops-summary-report
Industry and research priorities for trustworthy, scalable manufacturing twins.

7. NIST. Advanced Informatics and AI for Additive Manufacturing. updated May 7, 2026 · Government research program.
https://www.nist.gov/programs-projects/advanced-informatics-and-artificial-intelligence-additive-manufacturing
Process assurance, digital threads, twins and AI in additive manufacturing.

8. NIST. AI Risk Management Framework: Generative AI Profile. July 26, 2024 · Government technical profile.
https://nvlpubs.nist.gov/nistpubs/ai/NIST.AI.600-1.pdf
Cross-sectoral generative-AI risk profile and suggested actions.

9. NIST. Human/Machine Teaming for Manufacturing Digital Twins. updated July 2, 2026 · Government research program.
https://www.nist.gov/programs-projects/humanmachine-teaming-manufacturing-digital-twins
Human-centered access to digital twins and complex manufacturing tools.

10. NIST. AI Risk Management Framework. updated 2026 · Government risk framework.
https://www.nist.gov/itl/ai-risk-management-framework
Voluntary Govern, Map, Measure and Manage framework.

11. U.S. Department of Energy. Reenvisioning Advanced Manufacturing and Industrial Productivity. 2026 · Government program description.
https://www.energy.gov/undersecretaryforscience/genesis-mission/reenvisioning-advanced-manufacturing-and-industrial
Industrial AI, real-time data, digital twins and human-in-the-loop decision support.
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