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Abstract

The discrete manufacturers are competing based on speed, quality, and cost, yet many organizations are working with
isolated tools, emails, spreadsheets, and manual updates of CAD files, engineering bills of material (EBOMs), and change
approvals to SAP. This is bound to lead to time waste, delays, redundancy, and quality issues.

This paper describes the incorporation of SAP Engineering Control Center (ECTR) and SAP Product Lifecycle
Management (PLM) and a direct connection to the leading CAD systems, creating a controlled enterprise-wide digital
connection.

The functionality of the ECTR, the compatibility of the CAD tools and their integration with other systems, and the
coincidence of CAD, BOM, document, and change processes in SAP are described to provide consistency of data, speed
up engineering changes, and make the work of the engineers more effective and shorter.

An implementation playbook, Technical Architecture Overview, Digital Thread Enablement, and KPIs and Success
Metrics are also presented in this paper, along with a real-life example of a well-known supplier of forged-metal
components and a major precision manufacturing supplier, and a future outlook on what Industry 4.0 and digital twin
scenarios can achieve with the help of this integration.
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1. Introduction

In discrete manufacturing, discrete parts are compiled into a complete product such as a car, electronic device, or
machine. The model relies heavily on the relevant Bills of Materials (BOMs), controlled BOMs, and controlled
engineering changes in order to result in the successful production of quality products. In contrast to continuous or
process manufacturing, discrete manufacturing can be more specialized and can update the design on a more frequent
basis; therefore, appropriate management of the data is needed.

Duplication of entries, versioning issues, and time delays in product release would occur in case there is no CAD data
stored in any ERP or PLM system. SAP PLM resolves the following problems through the establishment of a digital thread
among the design, engineering, supply chain, and service processes. In turn, SAP Engineering Control Center (ECTR)
presents SAP users with CAD integration as a constituent of the data model and processes. Combined, these solutions
allow engineers to create and maintain SAP materials, Document Info Records (DIRs), and Engineering BOMs in their
native CAD system, while maintaining versions, status management, and approvals at the enterprise level [1], [2], [6],

[9].
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2. Engineering Efficiency and Why It Matters

The non-value-added processes, which include searching for the appropriate information, typing the same information,
reformulating the information in the wrong way, and dealing with old data or inconsistency in a process, are eliminated
through engineering efficiency. It also increases right-first-time quality by improving change control and reduces time-
to-market because development is coupled to downstream functions earlier. SAP makes it a tool to turn this into a data-
driven digital thread extending the lifecycle, making it possible to make faster, documentation-based, and repeatable
decisions rather than basing them on ad-hoc handoffs. In addition, the value grows as collaboration with manufacturing,
procurement, and service increases through controlled entry to existing, accepted product data [2], [9], [10], [11].

3. Overview of SAP PLM and ECTR

SAP PLM eases the process of product design and how the product relates to the rest of the supply chain to facilitate the
coordinated design of engineering, compliance, and cost management on a single platform. SAP Engineering Control
Center (ECTR) is SAP’s strategic solution for connecting authoring tools (MCAD/ECAD/office/simulation) to SAP, and it
is available in ECC and S/4HANA. It also includes an Explorer-style user interface and in-CAD menus, which imply that
an engineer does not need to move out of CAD to perform SAP functions (create/link materials, synchronize EBOMs,
manage documents, and statuses). The most recent versions of ECTR (version 1.2 and 1.3) introduce ERP-near PLM
functionality such as Change Record management, BOM operations, and hybrid integrations [1], [2], [7], [9].

4. CAD Integration with SAP ECTR - A Brief Introduction

ECTR offers certified and versioned interfaces to popular MCAD and ECAD systems, such as Autodesk AutoCAD /
AutoCAD Electrical / Inventor, SOLIDWORKS, Siemens NX, PTC Creo, CATIA V5, Solid Edge, and the majority of ECAD
systems, including Altium, Cadence, Siemens Xpedition/PADS, and Zuken. The Product Availability Matrix (PAM) of SAP
and the release notes of the interfaces track compatibility and updates.

Among these, Siemens NX interface releases occur semi-annually, and SAP posts the compatibility and release plans on
the NX interface page and includes them in the PAM, enabling IT teams to plan upgrades with minimum disruption.

ECTR incorporates SAP capabilities into the CAD user interface (and the ECTR desktop) to enable engineers to check
files in and out, manage versions and statuses, create and relate materials, and generate or synchronize EBOMs as
authoritative records in SAP DMS/PLM [1], [2], [3], [4], [5], [6].
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Figure 1 Strategic platform for integrating authoring tools

5. Technical System Landscape and Architecture

The SAP PLM-ECTR technical architecture offers a controlled and standardized environment that provides direct
connections between engineering authoring tools and the SAP backend. This enables the CAD systems to communicate
through the corresponding ECTR plug-ins, which are directed to the SAP Engineering Control Center (ECTR) client. The
SAP Java Connector (JCo) is then connected to the ECTR client to manage the business logic and provide a data exchange
medium with SAP S/4HANA or SAP ECC.
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Documents, CAD files, metadata, and associated BOM structures are stored in SAP DMS, while viewables and original
files are handled on the SAP Content Server. This system is developed such that CAD data, material master data, and
Engineering BOMs can be fed into the SAP-controlled PLM system easily and that engineering data are channeled to one
single source of truth.

The model is scalable and supports a multi-CAD workplace and general workflow management across manufacturing,
procurement, and service engineering and manufacturing. The disciplines discussed in orange are covered by SAP ECTR
on SAP S/4HANA, and the linked CAD plug-in is connected to the SAP Java Connector to facilitate this integrated
workflow [16] [17].
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Figure 2 High-level technical architecture

6. Key Benefits of SAP PLM-ECTR CAD Integration

6.1. Improved Data Consistency

Duplicated records and incomplete links are avoided by keeping the CAD originals, metadata, materials, and EBOMs in
SAP, and the check-in/check-out and status controls do not enable conflicting edits, thereby providing a single source
of truth. PAM-based compatibility minimizes version drift across CAD, ECTR, and SAP environments [2], [3], [6].

6.2. Streamlined Change Management

Change Record (PLM CR), SAP’s preferred system using S/4HANA, is used to manage engineering changes. ECTR
provides CR-related activities to engineers and allows them to initiate, distribute, analyze effects, and certify within
controlled workflows. The diffusion of changes is managed through an effectivity-based process across BOMs and
downstream logistics, which are controlled and auditable and offer lifecycle consistency [7], [9], [10].
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6.3. Enhanced Collaboration

SAP offers one product cockpit that gives non-CAD users access to available current designs as well as neutral viewables,
and provides engineers with access to the relevant SAP business scenarios of materials, classifications, and quality. This
permits cross-discipline collaboration (MCAD/ECAD/software/simulation) and fast design-feedback-to-manufacture

(2], [11].
6.4. Reduced Engineering Cycle Time

The availability of SAP actions in in-CAD check-in and automatic generation of neutral viewables (e.g., JT, STEP)
optimizes human intervention and secures the preparation of releases. It also facilitates automatic JT creation due to
structured check-in rules [6].

6.5. Digital Thread Enablement

The digital thread shows a smooth flow of products throughout their lifetime—design, engineering, manufacturing, and
service. This can be supported by SAP ECTR, which interconnects CAD systems and SAP PLM in such a way that
engineering information is centrally processed and accessible in all other business processes. It is possible to use this
integration to update CAD data in real time, use SAP Change Record to handle changes, and communicate with various
departments.

Moreover, SAP ECTR provides the foundation to develop complex scenarios such as digital twins and Asset
Administration Shell (AAS)-based data ecosystems, which facilitate Industry 4.0 ambitions. With engineering processes
as the central system in SAP, organizations gain a stronger position in achieving elevated uniformity of knowledge,
quicker decision-making, augmented conformity, and a more strategic approach to smart manufacturing and closed-
loop innovation [11], [15].

7. Implementation Playbook (Phased Deployment Approach)

A phased approach minimizes risk, speeds up value delivery, and boosts user adoption.
Phase 0 - Strategy and Governance (2-4 weeks)

» Define the system of record rules: What is controlled in SAP versus CAD?

e Standardize numbering, metadata, classification, status profiles, and release procedures for documents,
materials, and BOMs.

e Decide on the change approach: LO-ECH change numbers versus PLM-CR Change Records (based on
release/scope). SAP recommends using Change Record functionality in S/4HANA environments for change
tracking and approval [9].

Phase 1 - Foundation Build (4-8 weeks)

»  Configure the SAP Document Management model (DIR types, status, storage, content server). Standardize DIR
definitions and key fields (document number/type/part/version) early on [4].
e Install and set ECTR elements (client, plugins, back-end settings) based on the SAP architecture design (CRED
plugin — ECTR client — SAP backend/content server) [2].
Phase 2 - Pilot: one CAD + one Product Line (6-10 weeks)

e Choose one authoring tool integration and a key product segment. SAP ECTR supports direct integration with
many MCAD authoring tools, including Autodesk AutoCAD /Inventor, SOLIDWORKS, Siemens NX, PTC Creo,
CATIA V5, Solid Edge, and several ECAD suites (Altium, Cadence, Siemens Xpedition/PADS, Zuken) [8].

« Implement top use cases: create DIR, link material, publish EBOM, and update release status.

e Define training and "day-in-the-life" engineering scenarios [3].
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Phase 3 - Change Governance Integration (6-12 weeks)

+ Implement change workflows: either change numbers (LO-ECH) for effectivity and history control or Change
Records (PLM-CR) for process management. Engineering Change management is concerned with management
of changes in BOMs, materials, and documents that have a history and effectivity [5].

e Manage Change Records apply in adoption of PLM-CR; SAP defines it as initiating and tracking change
processes, where change records are the one and the only source of truth [7].

Phase 4 - Scale and Optimize (ongoing)

« Expand to include more CAD tools, plants, and product lines. SAP's ECTR lists several integrated authoring tools
and the general connector concept [2].

» Add viewables and visualization workflows to increase stakeholder access (e.g., SAP 3D Visual Enterprise
integration) [9], [10].

« Develop analytics dashboards for KPIs, error rates, and cycle times.

8. Case Examples (Grounded and Referenced)

8.1. Case Example: A leading forged-metal components provider

The case study of a large supplier of forged-metal components (the first implementation of SAP Engineering Control
Center (ECTR) with Siemens NX) explains that the engineering departments tended to store NX (and CATIA) data on
network drives. This method led to data redundancy, extra management effort, and undefined release status within the
company. The data flow process with customers, involving a gigantic number of manual operations without check
procedures, also contributed to the situation escalating, which is why control of product data materialized as time-
consuming and error-prone.

To overcome such issues, the company pursued SAP-integrated product development objectives, which entailed
relating CAD tools and design operations to SAP ERP/PLM, creating unified and standardized product information as a
single source of truth, integrating CAD documents with downstream activities such as procurement and logistics, and
defining one common base between development and production. With respect to this program, the organization states
that once the Engineering Control Center (ECTR) was rolled out, it became possible to integrate NX and CATIA into SAP
PLM so that product information could be centrally accessed, up to date, and uniform throughout the enterprise.

As the case also demonstrates, SAP functions were operated through very secure editing and release mechanisms, which
were more readily adopted because the ECTR user interface could be used easily. It also mentions that CAD documents
can be arranged into structures and connected to other SAP data and business operations, providing an enhanced
understanding of correlations, lifecycle development, and modification history.

This case is pertinent with reference to discrete manufacturing because it demonstrates that the use of NX (CAD)-to-
SAP integration with the assistance of ECTR can address typical efficiency concerns, such as data duplication, unclear
release control, and manual exchange, through managed SAP-related engineering data management and regulated
release processes [13].

8.2. Case Example: A Major Precision Manufacturing Supplier

The second example of the advantages of SAP PLM integration with the Engineering Control Center is found in one of
the published project reports of a company that is among the largest precision manufacturing suppliers. The
implementation of SAP PLM in that project included connections to the Engineering Control Center and integration of
CAD systems such as CATIA V5 and NX, along with standardized integrations of CAD systems with other CAD systems
through the same GUIL

The benefits realized include enhanced efficiency and reduced time required to create 2D and 3D models. It is reported
that models and documents were directly linked to parts, and models could also be provided with real-time updates
generated with the assistance of several CAD systems. It also mentions the existence of a so-called status network to
monitor the status of different models and components and states that the solution was immediately embraced by a
more diversified user base even without a formal project schedule [12].
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9. KPIs and Success Metrics - Measuring Engineering Efficiency Gains

To demonstrate engineering efficiency gains, measure both leading and lagging indicators.

9.1. Data Quality and Consistency
« BOM synchronization accuracy (percentage of EBOM positions matching CAD structure at release)
+ Document-to-material linkage completeness (percentage of released materials with required DIR links)

 Rework caused by master data errors (number of production issues attributed to incorrect revision/BOM)

9.2. Cycle Time and Throughput
e CAD-to-SAP publish time (median minutes from CAD save to SAP-controlled DIR + linked material)
+ Release cycle time (In Work — Released for document/material/BOM)
e Change cycle time (from Change Record creation to implementation completion). Change Records are
designed to include scope, involved objects, status, and workflows—making cycle measurement possible by
design [6].
9.3. Adoption and Collaboration
« Engineer adoption rate (% of engineering releases completed via ECTR workflows)
+ Non-CAD stakeholder access (viewables consumed; visualization sessions) SAP positions visualization as
enhancing productivity and quality through visual communication across the value chain [9].
9.4. Financial Outcomes (Derived)
« Engineering hours saved (reduced manual entry, less rework)
* Reducing scrap and rework costs related to revision and BOM errors

« Faster time-to-market by shortening release and change lead times

10. Challenges and Considerations
The benefits of implementing SAP PLM using ECTR as a transformation tool are significant; however, organizations must
plan ahead to address critical challenges in order to achieve successful implementation.
10.1. Change Management and User Adoption
« Engineers who used unmanaged file systems or legacy PDM tools need to adapt to SAP-governed processes.

» New workflows, check-in/check-out rules, and status governance require structured onboarding, role-based
training, and strong leadership support.

» Resistance may arise due to perceived complexity or limitations when compared to flexible but uncontrolled
legacy methods.
10.2. Data Migration and Standardization
e Consolidating CAD files, historical revisions, materials, and documents into SAP demands careful planning.

» Inconsistent naming conventions, uncontrolled revisions, and duplicate data need to be cleaned before
migration.

e Metadata mapping (document types, attributes, classification) must be standardized to prevent downstream
errors.
10.3. CAD Workstation and Infrastructure Readiness

e CAD environments need to be checked for compatibility with supported ECTR plugins as per SAP's Product
Availability Matrix.
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e Performance factors such as network latency, graphics hardware, and CAD version compatibility can influence
user experience.

» Organizations require structured upgrade planning to ensure compatibility among CAD tools, ECTR, and SAP
releases.

10.4. Governance and Process Alignment
» Defining the system of record between CAD and SAP is crucial for preventing data inconsistencies.
« Standardize status networks, numbering rules, revision controls, and release procedures early.

« Decisions about change management—comparing classic LO-ECH change numbers to PLM Change Records—
shape the long-term governance model.

10.5. Integration Scope and Scalability
e Multi-CAD environments require consistent setup and process alignment to avoid fragmentation.
« Additional integrations (e.g., visualization tools, manufacturing execution, supplier portals) add to complexity.

e Scalability factors consist of content server capacity, document volume, and workflow growth.

11. Outlook - Enabling Industry 4.0 and Beyond with SAP PLM

Not only are current engineering processes improved, but the future of smart manufacturing is also created when SAP
PLM/ECTR is implemented. The unified SAP environment, in which CAD information and engineering processes are
integrated with each other, empowers businesses to establish seamless online connectivity between design, production,
and service. This connectivity is essential to Industry 4.0, where real-time information and intelligent automation can
provide a competitive edge.

By having detailed product structures and change histories stored in SAP, manufacturers may generate digital twins of
physical assets throughout the lifecycle. Products can be virtually commissioned, maintained, and designed in terms of
simulation with these twins to enable predictive maintenance, reduce downtime, and maximize product reliability. The
integrated data model also makes the use of Al and machine learning easier; algorithms can examine past design trends,
predict quality risks, and automate routine procedures, transforming the engineering process into one that is proactive
rather than reactive.

As IoT data flow into SAP, service teams would be capable of predicting and preventing failures as they occur, which
would not only reduce lifecycle costs but also enhance client satisfaction. In addition, 3D representations and neutral
viewables are centralized and can be applied in immersive technologies, including AR and VR, to transform
collaboration, training, and assembly instructions. These characteristics make engineering work more collaborative and
accessible to globally dispersed teams.

In the future, sustainability and compliance will be important. SAP PLM-ECTR can be used to introduce traceability and
lifecycle assessment during the early design phases to promote greener design and transparent reporting. Simply put,
with such integration, manufacturers will be able to leverage Al, IoT, and digital twins at scale to increase efficiency,
resiliency, and sustainable growth in the age of smart factories [7], [12], [13], [14].

12. Conclusion

SAP PLM, comprised of SAP Engineering Control Center (ECTR), provides discrete manufacturers with one digitized
thread between CAD, BOM, documents, and change processes on a single platform. With direct engineering tools
integrated with SAP, an organization avoids manual data entry, reduces rework and change process inefficiencies,
enhances first-time quality, and reduces time-to-market.

The practice enhances communication between engineering, manufacturing, procurement, and service because it
provides accurate and updated product information. The effectiveness of these improvements can be seen in real-world
results such as reduced engineering cycles and more successful change management. Based on this, manufacturers will
have a more favorable response to new initiatives such as digital twins, predictive maintenance, and expanded Industry
4.0 capabilities.
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