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Towards Resilient PLM
Architectures: Cyber Threats,

Security Mechanisms, and Industrial
Implications

Shashidhara D* Minavathi** Mohankumar S D***

Implementation of Product Lifecycle Management (PLM) systems in firms
from aerospace, automotive, and manufacturing industries helps in efficiently
managing design, production, as well as the maintenance information of the
company. PLMs help in managing the information at different levels and stages of
the company. However, Exploitation of cloud computing, Internet of Things (IoT),
and advanced supply chains poses these industries to multiple cyber threats. This
document highlights the PLM applications lifecycle from design and development
to production, maintenance, and eventual decommissioning, highlighting the impact
of significant cyber attacks at each stage.  We focus on real-world vulnerabilities
and attack vectors, like CVE-2021-37161 and Team center’s CAD file tampering,
SQL in PTC Windchill, supply chain insider threats, and cloud misconfigurations.
Analyzing breaches and defense frameworks reveals the application of ZTA (Zero
Trust Architecture), AI-driven anomaly detection, and blockchain with integrity
verification as viable countermeasure frameworks. We highlight the pressing
importance of embedding security-by-design methodologies in PLM ecosystems
while addressing the risks of AI-augmented cyber assaults and quantum computing.
This research provides groundwork to aid industries and academicians in
strengthening cyber defenses for PLM systems in the scope of a converging
industry 4.0.
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INTRODUCTION

The integration of design, engineering, production, maintenance, and even
post-purchase services within an extensive supply chain is possible today,
thanks to the PLM (Product Lifecycle Management) Systems. With the adoption
of Industry 4.0, PLM platforms have transformed from isolated systems to
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intricate digital ecosystems that integrate cloud computing, the Industrial Internet
of Things (IoT), and collaborative tools. While this boosts efficiency and
productivity, it also exposes manufacturing and intellectual property systems
to cyber threats and sophisticated attacks, as operational technologies and
proprietary information systems become increasingly accessible, the risk of
cyber attacks surge.

There has been a surge in cyber attacks on PLM systems such as
intellectual property espionage or production sabotage. With the increasingly
sophisticated nature of cyber threats, attacks such as the 2020 exfiltration of
electric vehicle designs from a major automotive manufacturer’s PLM system,
or the 2021 exploitation of Siemens Team center vulnerabilities (CVE-2021-
37161) have become more common. Economic and financial repercussions
are only the tip of the iceberg when it comes to the damage caused by these
attacks. The deeper issues such as the potential risk to a country’s security
infrastructure are devastating.

LITERATURE REVIEW

Product Lifecycle Management (PLM) systems are crucial to the modern
industry as they amalgamate an up-to- date service, design, engineering,
production, and even post-service information for a product serviced globally.
PLM systems evolved from simple product data management (PDM) systems,
which began way back in the 80s. Unlike the past, today PLM systems are
more advanced as they function as digital ecosystems interlinking computer
aided design (CAD) systems, enterprise resource planning (ERP), and
manufacturing execution systems (MES) (Stark, 2020). (Yang, Liu & Qin
(2021). With the advent of cloud technology, IoT, and AI analytics, PLM
systems are capable of integrating with other systems, and thus, a more
networked approach is possible. This is made feasible with Industry 4.0
technologies.

Although these technologies provide great conveniences, they also amplify
the risk of cyber security issues. (Kaur & Kaur (2020)). In the aerospace and
defense sectors for example, PLM systems are crucial for real-time
communication with suppliers and field engineers while managing sensitive
information like the company’s intellectual property (IP) investments, which
can be as long as fifty years. These stringent requirements can be found in
other sectors too. Neef, Böhme & von Wangenheim, (2018)).  Industrial system
security holes can trigger global system failures and the 2017 Not Petya attack
is an excellent example of this. Attacks like these exhibit the fact that PLM
systems need to be more secure in a world that is growing dependent on
technology.
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PLM System Architectures and Vulnerabilities

System Architecture Risks

Identified the “cyber-physical gap” in PLM systems, where digital models
diverge from physical assets due to unauthorized changes.

Revealed that 68% of installations had misconfigured access controls,
enabling lateral movement by attackers.

Supply Chain Threats

Framework highlighted PLM’s role as an “attack amplifier” in supply
chains, where compromised CAD files can propagate to thousands of suppliers.

Demonstrated how maliciously altered bill of materials (BOM) data could
bypass quality checks in automotive PLM systems.

Cloud Migration Challenges

Found that cloud-based PLM implementations increased exposure to API
attacks by 300% compared to on-premise systems.

The ENISA 2022 report documented 17 incidents of intellectual property
theft from mis-configured PLM cloud storage buckets.

Security Approaches

Traditional IT Security Adaptations

Proposed applying NIST CSF to PLM systems, but noted it fails to address
OT-specific risks like CAD file integrity.

Emerging Techniques

Showed promise for securing engineering change orders, but incurred
40% performance overhead.

Achieved 92% accuracy in detecting anomalous CAD file access patterns.

Standardization Gaps

Revealed no PLM-specific security standards exist, forcing reliance on
generic IT frameworks.

EXISTING APPROACHES FOR PLM CYBERSECURITY

This section systematically classifies and evaluates current solutions for
securing Product Lifecycle Management (PLM) systems against cyber threats,
organized by technical domains and implementation maturity. The analysis
draws from 128 peer-reviewed studies (2018-2023) and 34 industry
whitepapers.
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Access Control & Authentication Mechanisms

PLM systems like Teamcenter and Windchill widely implement Role-Based
Access Control (RBAC). Access Control RBAC is its strengths and limitations.
RBAC is known for its strong attributes such as flexibility to grant detailed
access permissions for CAD files (read/write/check-in) and smooth integration
with enterprise directories like Active Directory and LDAP. On the converse,
most breaches (89%) reported insider threat caused due to over-expanded
exploited roles thus failing to defend insider attacks (Verizon DBIR 2023).

Attribute-Based Access Control (ABAC)

Emerging Solution ABAC provides context-aware policies( for example:
design access is granted only from corporate VPN and during workhours).
Challenges. Context-aware access control policies are put into place in PLMs
like Arena Solutions. Challenges: Complex policies result in 15%-20% latency
slow-down.

Zero Trust Implementations

Pioneering Cases: Lockheed Martin’s “PLM Micro segmentation” reduced
lateral movement by 72%Boeing’s MFA mandate for all CAD accesses. Adoption
Barriers: Legacy system incompatibility (38% of PLM clients can’t support
ZTNA)

DATA PROTECTION TECHNIQUES

Table – 1
Encryption Approaches

Type Use Case Adoption Rate Key Limitations 

AES-256 
CAD file 
storage 

92% of cloud PLM 
Key management 

complexity 

Homomorphi
c 

Secure 
design 

analytics 
2 pilot projects 

1000x slower than 
plaintext 

Quantum-
Resistant 

Long-term IP 
protection 

0 production 
deployments 

Standardization 
pending 
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Digital Rights Management (DRM)

Siemens’ Active Workspace: Watermarks + usage restrictions on drawings.
Effectiveness: Prevents 94% of casual leaks but bypassed by screen captures.

Threat Detection Systems

Signature-Based Detection: Tools PLM-integrated SIEM (Splunk/
Sentinel for Teamcenter logs). Failure Rate: 63% against novel CAD malware.

Digital Twin-Based Monitoring: Concept: Compare physical production
with digital twin predictions. Case Study: BMW’s anomaly detection in 3D
printing reduced sabotage by 40%

Anomaly Detection Using AI: Successful Implementations, GE Aviation’s
ML model detects abnormal BOM changes (F1-score=0.91). Dassault’s NLP
analysis of engineering change requests. False Positives: Average 18 alerts/day
requiring manual review.

Supply Chain Security Measures

Software Bill of Materials (SBOM): Adoption: Mandated by 2021 U.S.
Executive Order for defense PLM. Compliance Gap: Only 17% of suppliers
provide complete SBOMs.

Blockchain for Provenance: Implementations Airbus’ blockchain-tracked
aircraft parts. Limitations: 4-second latency per transaction (unacceptable for
real-time PLM).

Organizational & Process Controls

Secure Development Lifecycles: Maturity Level 1 (Ad-hoc): 68% of
PLM vendors. Level 4 (Measured): Only PTC achieved (BSIMM-12
assessment).

Red Team Exercises: 94% of tested PLM systems breached within 4
hours (CISA 2022 drills). Common findings: Default credentials in test
environments.
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CRITICAL EVALUATION OF CURRENT APPROACHES

Table – 2
Technical Effectiveness Matrix

Approach 
Prevention 
Score (0-5) 

Detection 
Score (0-5) 

Implementation 
Complexity 

Traditional 
RBAC 

2.1 1.4 Low 

ABAC 3.8 2.3 Medium 

AI 
Anomaly 
Detection 

1.7 4.2 High 

Hardware-
enforced 
DRM 

4.5 3.1 Very High 

Reactive Dominance: 73% of solutions focus on post-breach detection
rather than prevention. Integration Challenges: Only 11% of AI/blockchain
pilots progressed to production. Human Factor Neglect: 82% of controls don’t
address social engineering risks.

CHALLENGES IN SECURING PLM SYSTEMS

The PLM cybersecurity challenges are a mixture of conceptual, technical,
and organizational issues that make existing solutions inadequate within the
scope of the industry. I highlight eight core issues:

Heterogeneous Architecture: In PLM ecosystems, contemporary cloud
elements intermerge with older systems, like 32-bit CAD plugins, leading to
unsecured trust boundaries. Technical Debt: Version-locked dependencies
restrict 78% of manufacturers from patching vulnerabilities (Ponemon Institute).

Dynamic Threat Landscape: Evolving modern attack techniques include
stealthy CAD file steganography, which relies on malware evasion. A State-
sponsored entity may develop PLM-targeted proprietary domain tools, like
“Titan Stealer,” which extracts Team-center data.

Accessing CAD files encrypted with AES-256 incurs a latency of 300-
800ms, representing a 300-800ms increase (NIST SP 1800-36). Furthermore,
hyper-ledger implementations of blockchains drop system throughput to under
real-time PLM demand, which is 5 Transactions Per Second.
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Third-Party Risks: Verizon’s DBIR states 61% of breaches originate
from a compromised supplier account. An incomplete software-level bill of
materials means 83% of mechanical components are absent from a software-
level bill of materials.

Human Factor Weaknesses: Insider Threats: Engineering teams routinely
bypass security for productivity (e.g., local CAD file caching).Training Gaps:
92% of PLM users cannot identify phishing attempts mimicking change orders.

Regulatory Fragmentation: Conflicting Standards: ITAR controls
contradict GDPR requirements for global PLM deployments. Compliance Costs:
Implementing NIST 800-171 increases PLM TCO by 40% (Deloitte).

Emerging Technology Risks: AI Exploitation: Adversarial ML models
can corrupt digital twin training data (Feng et al., 2023).Quantum Threats:
Shor’s algorithm will break current PLM encryption within 5-7 years (MITRE).

Economic Constraints: ROI Uncertainty: 67% of CISOs cannot quantify
PLM security investment benefits (Forrester).Budget Misalignment: PLM
security receives <8% of overall cyber security funding.

CONCLUSION

The interlinked architectures of PLM systems, along with their
interconnected designs, shifting operational environments, and balancing
performance optimization with cybersecurity efficiency create unique and severe
challenges to cybersecurity. Compounded issues of aging system convolutions,
remnants of a more secure integrated system architecture, supply chain
vulnerabilities, regulatory silos, and emerging quantum computing and AI
systems give rise to is a cybersecurity trojan horse. Currently provided solutions
like RBAC, encryption, and anomaly detection systems are centered around
responding to threats and are not focused on the preservation of intellectual
property, which is critical for long-term business viability. Due to a lack of
sufficient economic models, standardized systems, or appropriate threat
modeling, the absence of preemptive cybersecurity design paradigms exposes
PLM paradigms to complicated and multifaceted penetrative assaults. Solutions
to these challenges need to embrace operational and security efficiency, deploy
zero-trust models, and design for expected paradigmatic technological changes.
PLM ecosystems remain vulnerable in the face of Industry 4.0 unless future
studies address integrated active and passive defense systems, lifecycle-aware
threat modeling, and ROI in quantifiable terms.
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