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Abstract 

Reliability-Centered Maintenance (RCM) has served as the dominant industrial maintenance philosophy for nearly five decades, 

delivering substantial gains in safety, availability, and cost control. However, its core vocabulary, built around Failure Mode, 

Mean Time Between Failures, and the Potential-to-Functional Failure curve, frames organizational cognition around breakdown 

rather than performance excellence. This article proposes a complementary, success-oriented framework, the Potential Success 

Curve (PSC), and demonstrates its practical alignment with contemporary asset management practice. Methodologically, the 

study employs an integrative cross-disciplinary review with deductive construct development, comparative standards analysis, 

and worked operational examples. Grounded in Prospect Theory, Appreciative Inquiry, Safety-II, and the lineage of 

transformative management methodologies including Total Productive Maintenance (TPM), Lean, Total Quality Management, 

and Six Sigma, the framework introduces several novel constructs: the Golden Spot (an asset’s optimal performance envelope), 

Mean Time of Optimal Performance (MTOP), Mean Time to Restore Golden Spot (MTTRg), Success Rate, Overall Performance 

Excellence (OPE), Success Mode and Effects Analysis (SMEA), and Root Success Analysis (RSA). A new D-I-S-G model extends 

the traditional D-I-P-F curve. The framework is operationalized through a SMART (Specific, Measurable, Applicable, Realistic, 

Time-bound) validation structure and is mapped explicitly to ISO 55000: 2024, ISO 55001: 2024, API 580/581, SAE JA1011, 

ISO 14224, and IEC 60300. The article further demonstrates how emerging technologies, including artificial intelligence, digital 

twins, and the Industrial Internet of Things, serve as practical enablers of the framework, and quantifies the potential impact on 

the industrial business landscape. While the proposed constructs require empirical validation, their theoretical foundations are 

individually well established, and the framework is positioned as a complementary layer that enhances rather than replaces 

established practice. The principal limitation of the study is the absence of primary empirical data; all proposed constructs are 

explicitly formulated as testable propositions, and the research agenda for field validation is set out in Section 12.2. 
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1. Introduction 

For more than half a century, the asset management and re-

liability community has relied on Reliability-Centered 

Maintenance (RCM) as the dominant maintenance philosophy. 

RCM has delivered transformative results: it reduced Boeing 

747 maintenance labor from 4 million hours to 66,000 hours 

[1, 2], established evidence-based maintenance scheduling 

across safety-critical industries [3], and provided the analyti-

cal foundation for civil aviation, nuclear power, and rail 

transport. These achievements are substantial and well docu-

mented. 

However, the methodology has also embedded a predomi-

nantly deficit-oriented psychological framework into mainte-

nance practice. Its core vocabulary, including Failure Mode, 

Root Cause of failure, Mean Time Between Failures, and the 

P-F Curve, implicitly frames organizational thinking around 

breakdowns, risks, and degradation rather than around resili-

ence, value creation, and performance optimization. While 

this framing was essential during RCM’s formative decades, 

the discipline has since evolved. The 2024 revision of the ISO 

55000 series reframes asset management around value, assur-

ance, adaptability, and sustainability outcomes [4], signaling 

an industry-wide shift from failure avoidance toward value re-

alization. 

This article proposes a complementary framework, the Po-

tential Success Curve (PSC), and goes beyond conceptual ad-

vocacy to demonstrate practical applicability. Specifically, the 

article: (a) situates the framework within the lineage of his-

toric management breakthroughs that reframed industrial 

practice; (b) operationalizes each construct through a SMART 

validation structure; (c) maps the framework explicitly to ISO 

55000: 2024 and to API, SAE, IEC, and ISO reliability stand-

ards; (d) demonstrates how artificial intelligence, digital twins, 

and the Industrial Internet of Things enable the framework in 

modern operating environments; and (e) quantifies the poten-

tial impact on the industrial business landscape. 

The PSC framework does not seek to replace RCM’s ana-

lytical methods, which remain essential for safety-critical ap-

plications. Rather, it proposes a complementary philosophical 

and operational layer that reorients maintenance culture from 

preventing failure toward sustaining excellence, unlocking 

performance gains that failure-centric frameworks, by design, 

do not target. 

1.1. Research Approach 

This article is a conceptual review. The methodology is an 

integrative literature review combined with deductive frame-

work development, conducted in four stages. First, a cross-

disciplinary evidence synthesis was performed spanning be-

havioral psychology, organizational science, safety science, 

maintenance management history, and the governing body of 

international standards (ISO, API, SAE, and IEC). Sources 

comprised peer-reviewed journal articles, published interna-

tional standards, government and industry technical reports, 

and documented industrial case studies. Second, each novel 

construct was derived deductively from an established theo-

retical foundation, with the derivation made explicit in Table 

3 so that the intellectual basis of every construct is traceable. 

Third, the proposed constructs were subjected to comparative 

analysis against incumbent tools and standards (Tables 2, 6, 

and 7) to establish complementarity rather than redundancy. 

Fourth, operational feasibility was verified through a worked 

SMEA example (Table 5), a four-step Golden Spot definition 

method, and validation of the complete framework against 

SMART criteria (Table 6). 

No primary empirical data were collected. The article is po-

sitioned as a conceptual contribution in which the propositions 

are explicitly formulated for subsequent empirical testing, and 

the corresponding research agenda is set out in Section 12.2. 

This staging, in which conceptual synthesis precedes con-

trolled validation, follows the established development pattern 

of the management frameworks reviewed in Section 3. 

This framework relies on two distinct methodological 

modes. First, I use a deductive approach to derive novel con-

structs directly from established theories, ensuring each has a 

traceable theoretical parent (see Table 3). Second, I apply in-

terpretive judgment in the integrative stages to synthesize ev-

idence across disparate disciplines and translate these founda-

tions into practical maintenance applications. 

1.2. Significance of the Study 

The significance of this study is fivefold. First, it offers the 

first formal synthesis bridging behavioral-science framing ef-

fects with maintenance metrics and culture, a connection that 

is intuitive to practitioners but absent from the published 

maintenance literature. Second, it supplies the value-delivery 

metric layer that ISO 55000: 2024 calls for but does not pre-

scribe: MTOP, Success Rate, and OPE give organizations 

concrete, auditable measures with which to populate the Stra-

tegic Asset Management Plan required by ISO 55001: 2024. 

Third, it directly addresses the documented finding that 60 

to 70% of predictive maintenance initiatives miss their targets 

and that approximately 68% of the barriers are organizational 

rather than technical [39], by acting on culture and language, 

the layer that additional technology spending cannot reach. 

Fourth, it provides a structured life-extension logic for the ag-

ing-asset challenge represented by the $3.7 trillion United 

States infrastructure gap [33] and comparable fleets world-

wide. Fifth, it redirects the rapidly growing investment in ar-

tificial intelligence and digital twins from the question “when 

will this asset fail?” toward the higher-value question “how 

long can this asset sustain optimal performance?”, thereby in-

creasing the return on technology already being purchased. 
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Figure 1. Methodological flow diagram: four-stage integrative review with deductive construct development. Each stage produces traceable 

outputs that feed the next, culminating in testable propositions for empirical validation. 
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2. Methodological Limitations of 

Established RCM Tools 

The traditional RCM toolkit has been refined substantially 

since Nowlan and Heap’s foundational 1978 report [3]. En-

hanced Failure Mode and Effects Analysis (FMEA) methods, 

hazard-based reliability metrics, and advanced Weibull mod-

eling have addressed many early criticisms. Nevertheless, sig-

nificant limitations persist in inter-rater reliability, metric in-

terpretation, and analytical framing. Table 1 summarizes doc-

umented limitations alongside acknowledged strengths. 

Table 1. Established RCM tools: documented strengths and persistent limitations. 

Tool Acknowledged Strength Persistent Limitation Source 

FMEA 
Systematic failure-mode identification; 

standardized (IEC 60812) 

Risk Priority Number (RPN) lacks uniqueness; high inter-

rater subjectivity; ignores failure-mode interactions 

Peerally et al. 

[7] 

MTBF 
Simple comparison metric for popula-

tions 

Assumes constant failure rate; 63.2% fail at t=MTBF; mis-

applied to individual components 

Schenkelberg 

[8]; Accendo 

Reliability [9] 

RCA 
Structured investigation for bounded 

problems 

Promotes reductionist single-cause thinking; favors linear 

over systemic logic 

Peerally et al. 

[10]; Snowden 

[11] 

P-F Curve 
Intuitive degradation visualization; 

guides inspection 

False certainty on timelines; cannot detect sudden failures; 

P-F interval never known precisely 

Todd [12]; 

Plucknette [13] 

Note: These limitations do not invalidate the tools but indicate where complementary approaches add value. 

The Psychological Case for Reframing: 

Beyond methodology, the case for reframing draws on estab-

lished behavioral science. Kahneman and Tversky’s Prospect 

Theory [5] demonstrated that losses are psychologically ap-

proximately twice as powerful as equivalent gains, and that 

identical choices framed as “lives saved” versus “lives lost” 

produce reversed decisions. Applied to maintenance, organiza-

tions immersed in failure language may exhibit systematically 

more conservative decision-making than those framed around 

performance. Van Woerkom and Meyers [14] found that 

strengths use predicts job performance, while deficit correction 

does not, a finding corroborated by the broader organizational 

evidence on strengths use [15]. Cooperrider’s Appreciative In-

quiry [6] established that organizations grow in the direction of 

their persistent inquiries. Bushe [16] cautions that this genera-

tive effect depends on authentic inquiry rather than mandated 

positivity, a caution that applies equally to the adoption of suc-

cess-centric language in maintenance. It must be noted that 

while this evidence is robust in general organizational settings, 

it has not been empirically tested in maintenance-specific envi-

ronments, and the application to maintenance culture represents 

a theoretically grounded hypothesis. 

3. Theoretical Foundations and the 

Lineage of Management 

Breakthroughs 

The PSC framework does not emerge in isolation. It belongs 

to a recognizable lineage of management breakthroughs, each 

of which reframed an established industrial practice, was ini-

tially met with skepticism, and ultimately became standard. Un-

derstanding this lineage clarifies both the framework’s intellec-

tual foundations and the adoption pattern it is likely to follow. 

3.1. Lessons from Historic Breakthroughs 

Table 2. PSC within the lineage of transformative management methodologies. 

Methodology Origin Reframing Achieved Relevance to PSC 

TQM / Deming 1950s, Japan 
Quality as everyone’s responsibility, built 

in rather than inspected out 

Established that culture and mindset drive 

measurable outcomes 
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Methodology Origin Reframing Achieved Relevance to PSC 

Toyota Production Sys-

tem / Lean 
1950s-70s 

Value defined by the customer; relentless 

elimination of waste 

Reframed “what matters” from cost to value, 

mirroring PSC’s value focus 

TPM (Nakajima) 1971 
Maintenance as a pursuit of perfect pro-

duction via OEE 

Direct precedent; PSC extends OEE thinking 

to the asset-specific Golden Spot 

Six Sigma 
1986, 

Motorola 

Variation reduction as a quantified, statis-

tically governed discipline 

Demonstrated that a new metric language can 

reshape an entire industry 

Safety-II (Hollnagel) 2014 
Safety as the ability to succeed under var-

ying conditions 

Provides the analytical backbone for measur-

ing success, not only failure 

 

Total Productive Maintenance (TPM), formalized by 

Seiichi Nakajima at the Japan Institute of Plant Maintenance 

in 1971, reframed maintenance from a reactive repair function 

into a company-wide pursuit of “perfect production” meas-

ured by Overall Equipment Effectiveness (OEE) [21]. TPM is 

the closest existing large-scale precedent for success-framed 

maintenance, and the PSC framework can be understood as 

extending TPM’s philosophy from the production line to the 

individual asset. Table 2 situates PSC within this broader lin-

eage. 

Each of these breakthroughs followed a common pattern: a 

reframing that initially appeared radical, resistance from es-

tablished practitioners, and eventual adoption as orthodoxy. 

The PSC framework is presented in full awareness of this pat-

tern, and the limitations section acknowledges that, like its 

predecessors, it requires empirical validation before wide-

spread adoption. 

3.2. Theoretical Mapping 

Table 3 maps the established theoretical foundations to the 

proposed framework constructs, demonstrating that each 

novel construct rests on a recognized body of knowledge. 

Table 3. Theoretical foundations mapping to proposed constructs. 

Foundation Core Principle PSC Construct 

Safety-II (Hollnagel) [18] Safety is the ability to succeed under varying conditions Golden Spot; MTOP 

Prospect Theory [5] Framing changes decisions; losses weigh more than gains Success-centric vocabulary 

Appreciative Inquiry [6] Systems grow toward their persistent inquiries Root Success Analysis 

FRAM (Hollnagel) [19] Model functions, not only failure modes SMEA methodology 

Positive Deviance [20] Study positive outliers to identify success factors RSA methodology 

ISO 55000: 2024 [4] Assets exist to deliver value, assurance, adaptability, sustainability OPE; Success Rate 

 

4. The Proposed Framework: Potential 

Success Curve 

4.1. The Golden Spot 

The Golden Spot represents the state where an asset oper-

ates at peak efficiency, lowest unit cost, highest quality output, 

and optimal energy consumption. Rather than asking “how far 

is this asset from failure?” the question becomes “how close 

is this asset to its Golden Spot?” The Golden Spot is both as-

set-specific and life-stage specific: a 20-year-old pump has a 

different Golden Spot than a new one, but it still has one. 

Defining the Golden Spot follows a four-step methodology: 

(a) identify the asset’s primary value-delivery function; (b) de-

termine the 6 to 10 operating parameters that most directly in-

dicate optimal performance; (c) establish parameter bands us-

ing Original Equipment Manufacturer (OEM) specifications, 

historical data from best-performing units, and engineering 

judgment; and (d) validate with operators. Figure 2 illustrates 

this methodology applied to a centrifugal pump. 
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Figure 2. The Golden Spot application for a centrifugal pump, showing eight measurable parameters and four performance zones. 

4.2. The D-I-S-G Model 

The traditional D-I-P-F curve [22] is extended into the D-I-

S-G model (Design, Installation, Success departure, Golden 

Spot restoration), which reorients the trajectory from inevita-

ble descent toward failure to a restorable departure-and-return 

cycle. Point S (Success Departure) replaces Point P (Potential 

Failure); detection triggers success-condition monitoring ra-

ther than failure detection. Point G (Golden Spot Restoration) 

replaces Point F (Functional Failure); the trajectory is upward 

toward restoration rather than downward toward catastrophe. 

Figure 3 presents the model and Figure 4 compares it with 

the traditional curve. 

 
Figure 3. The D-I-S-G model showing intervals, MTOP and MTTRg windows, maintenance strategy zones, and detection callouts. 
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Figure 4. Side-by-side comparison of the traditional D-I-P-F curve and the proposed D-I-S-G Potential Success Curve. The same monitoring 

data answers two fundamentally different questions. 

4.3. Novel Metrics 

The framework introduces four metrics that complement 

traditional measures, presented in Equations (1) through (4). 

Mean Time of Optimal Performance (MTOP) 

MTOP = Σ(Time in Golden Spot) / N        (1) 

Mean Time to Restore Golden Spot (MTTRg) 

MTTRg = Σ(Restoration Duration) / N       (2) 

Success Rate (SR) 

SR(t) = MTOP / (MTOP + MTTRg) × 100%   (3) 

Overall Performance Excellence (OPE) 

OPE = SR × PQ × EE             (4) 

where PQ is Production Quality and EE is Energy Efficiency 

(actual versus optimal consumption). MTOP complements 

MTBF, MTTRg extends MTTR, SR is analogous to Availa-

bility measured against optimal performance (target ≥90%; 

world-class ≥95%), and OPE extends OEE by adding an en-

ergy-efficiency dimension that directly supports the sustaina-

bility outcome introduced in ISO 55000: 2024 (target ≥85%). 

Table 4 provides a hypothetical numerical illustration of the 

four metrics applied to a centrifugal pump monitored over a 

90-day (2,160-hour) operating period in which three complete 

Golden Spot departure-and-restoration cycles were observed. 

Table 4. Hypothetical numerical illustration of PSC metrics for a centrifugal pump over a 90-day monitoring period. 

Cycle Hours in Golden Spot Hours to Restore (MTTRg) Notes 

1 680 h 14 h Bearing temp drifted; realigned coupling 

2 612 h 9 h Oil condition departure; flushed and recharged 

3 698 h 11 h Vibration shift; re-balanced impeller 

Calculated metrics 

MTOP = (680 + 612 + 698) / 3 = 663.3 h | MTTRg = (14 + 9 + 11) / 3 = 11.3 h 

SR = 663.3 / (663.3 + 11.3) × 100% = 98.3% | PQ = 97.8% | EE = 95.4% 

OPE = 0.983 × 0.978 × 0.954 = 91.7% → World-class performance (SR ≥95%; OPE ≥85%) 

Note: Values are illustrative. In practice, MTOP and MTTRg are computed from CMMS (Computerized Maintenance Management System) 

time-stamped event logs. PQ and EE are sourced from production-quality and energy-management systems respectively. 
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4.4. Success Mode and Effects Analysis (SMEA) 

SMEA is a value-centric complement to FMEA. Instead of 

cataloging failure modes, SMEA identifies the conditions that 

enable optimal performance and analyzes the effects of their 

degradation, drawing on the functional logic of FRAM [19]. 

SMEA introduces a Success Priority Number (SPN), calcu-

lated as Value Impact × Sustainability × Monitorability. Table 

5 provides a worked example for a centrifugal pump, and Fig-

ure 5 illustrates the structural shift from failure-mode catalog-

ing to success-condition characterization. 

Table 5. Worked SMEA example: centrifugal pump success modes and Success Priority Numbers. 

Success Mode Success Condition 
Value Im-

pact 

Sustain-

ability 

Monitor-

ability 
SPN Priority Action 

Bearing within 

thermal envelope 

Temp 45-65°C; vib 

<2.5 mm/s 
9 7 9 567 

Continuous vibration and 

temp monitoring 

Optimal lubrication 

film 

TAN <0.5; viscosity 

±10% 
8 6 8 384 

Quarterly oil analysis; 

trend TAN 

Design throughput 

maintained 

95-105% of design 

flow 
9 8 7 504 

Flow transmitter with 

Golden Spot alarm 

Seal integrity sus-

tained 
Leakage <5 drops/min 7 5 6 210 Ultrasonic leak detection 

Note: Each factor scored 1-10. SPN = Value Impact × Sustainability × Monitorability. Importantly, Monitorability is scored directly (higher 

score = greater monitoring capability), which is the opposite of FMEA’s Detectability, which is scored inversely (higher score = harder to 

detect = greater risk). In SMEA, a success condition that is continuously monitorable receives a high Monitorability score because it can be 

actively managed and sustained. A condition that is difficult to monitor receives a low score, reducing its SPN and reflecting the practical 

reality that unmonitorable conditions cannot be actively sustained regardless of their value. Scales are illustrative and require organization-

specific calibration. 

 
Figure 5. Structural comparison of FMEA and SMEA, with Root Cause Analysis (RCA) contrasted against Root Success Analysis (RSA). 
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4.5. Root Success Analysis (RSA) 

Root Success Analysis complements Root Cause Analysis. 

Rather than investigating why an asset failed, RSA examines 

why the highest-performing assets consistently achieve opti-

mal outcomes under comparable conditions, drawing on pos-

itive deviance methodology [20] and on the “bright spots” 

logic of behavioural change [23]. Where RCA follows a 

causal chain downward, RSA investigates upward to identify 

replicable patterns of excellence. RCA generates corrective 

actions; RSA generates systemic capability. The two are com-

plementary. Because RSA depends on personnel candidly re-

porting how work actually succeeds, its effectiveness presup-

poses the conditions of psychological safety described by Ed-

mondson [17]. 

5. SMART Operationalization of the 

Framework 

A recurring criticism of conceptual frameworks is that they 

resist practical implementation. To address this directly, each 

PSC construct is operationalized against the SMART criteria, 

Specific, Measurable, Applicable, Realistic, and Time-bound, 

in Table 6. This structure converts the framework from phi-

losophy into an implementable management system compati-

ble with the planning requirements of ISO 55001: 2024. 

Table 6. SMART operationalization of the Potential Success Curve framework. 

Criterion Application to the PSC Framework 

Specific 

The Golden Spot defines exact, asset-specific parameter bands (e.g., bearing temperature 45-65°C, vibration <2.5 mm/s). 

SMEA specifies the precise conditions that sustain value. Ambiguity is eliminated by requiring numeric thresholds for 

every success mode. 

Measurable 

MTOP, MTTRg, Success Rate, and OPE are quantified metrics computed from time-series data already captured by most 

CMMS and historian systems. The Success Priority Number provides a measurable prioritization index for success condi-

tions. 

Applicable 

The framework operates on existing infrastructure: condition-monitoring sensors, CMMS/EAM platforms, and historian 

databases. It requires no new hardware, only a reconfiguration of what is monitored (success conditions) and how it is re-

ported (toward the Golden Spot). 

Realistic 
Adoption is incremental and complementary. Organizations retain RCM, TPM, and RBI while layering PSC on top. A sin-

gle critical asset can serve as a pilot, making the framework realistic for resource-constrained operations. 

Time-

bound 

MTOP and MTTRg are inherently time-based. The implementation roadmap (Section 9) defines phased milestones over a 

36-month horizon, aligning with the management-review cycles required by ISO 55001: 2024. 

 

6. Alignment with ISO 55000: 2024 and 

International Standards 

For a maintenance framework to achieve real-world adop-

tion, it must integrate with the international standards that 

govern asset management, inspection, and reliability practice. 

This section maps the PSC framework to the current standards 

landscape. 

6.1. ISO 55000: 2024 and ISO 55001: 2024 

The 2024 revision of the ISO 55000 series is the most conse-

quential development for the PSC framework. The revised 

standards introduce four asset management outcomes, value, 

assurance, adaptability, and sustainability, and add an asset 

management maturity framework [4]. The PSC framework op-

erationalizes each of these outcomes directly. The Golden Spot 

and Success Rate operationalize value by defining and measur-

ing the optimal value-delivery state. MTOP and MTTRg pro-

vide assurance by quantifying how reliably an asset sustains and 

returns to that state. Root Success Analysis builds adaptability 

by systematically identifying and replicating the conditions un-

der which assets succeed across varying contexts. Overall Per-

formance Excellence embeds sustainability by incorporating 

energy efficiency into the core performance metric. Further-

more, the new Section 4.5 of ISO 55001: 2024, “Asset manage-

ment decision-making and value,” and the simplified Strategic 

Asset Management Plan (SAMP) provide a natural governance 

home for the PSC metrics, which can populate the SAMP as 

concrete, value-oriented objectives. The newly published ISO 

55013: 2024 guidance on data management supports the data 

infrastructure that the Golden Spot requires. 

6.2. API Standards 

In the oil, gas, and process industries, API standards govern 
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inspection and integrity. The PSC framework complements 

rather than competes with these. API 580 and API 581 (Risk-

Based Inspection) [37] determine inspection priority based on 

probability and consequence of failure; PSC Golden Spot pa-

rameters define what optimal operation looks like between 

RBI-scheduled inspections, providing continuous perfor-

mance assurance alongside periodic integrity assessment. API 

689 (aligned with ISO 14224) governs the collection of relia-

bility and maintenance data; the MTOP and Success Rate met-

rics extend this data model with success-oriented fields, ena-

bling organizations to capture not only time-to-failure but 

time-in-optimal-performance. The framework therefore en-

riches existing API-compliant data architectures rather than 

displacing them. 

6.3. SAE, IEC, and ISO Reliability Standards 

SAE JA1011 and JA1012 define the evaluation criteria for 

RCM processes [29]. The PSC framework is positioned as a 

complementary layer above an RCM process that remains 

JA1011-compliant for safety-critical functions. IEC 60300 

(dependability management) and IEC 60812 (FMEA) [27] 

provide the established analytical methods that SMEA ex-

tends rather than replaces. ISO 14224 (reliability data collec-

tion for the petroleum, petrochemical, and natural gas indus-

tries) [36] and ISO 13374 (condition monitoring and diagnos-

tics) [38] provide the data and monitoring foundations on 

which Golden Spot tracking is built. Table 7 summarizes these 

relationships. 

Table 7. Alignment of the PSC framework with international standards. 

Standard Domain PSC Integration 

ISO 55000/55001: 

2024 
Asset management system 

PSC metrics operationalize the four outcomes (value, assurance, adaptability, 

sustainability) and populate the SAMP 

ISO 55013: 2024 Asset data management Provides the data-governance basis for Golden Spot parameter capture 

API 580 / 581 Risk-Based Inspection RBI sets inspection priority; PSC defines optimal operation between inspections 

API 689 / ISO 14224 Reliability data collection Extended with MTOP and Success Rate success-oriented data fields 

SAE JA1011 / JA1012 RCM evaluation criteria PSC layers above a JA1011-compliant RCM process for critical functions 

IEC 60300 / 60812 Dependability; FMEA SMEA extends the FMEA method with success-condition analysis 

ISO 13374 Condition monitoring Provides the monitoring architecture for real-time Golden Spot tracking 

 

7. Enablement Through Emerging 

Technologies 

The PSC framework was not practical at scale in earlier 

decades because continuously defining, monitoring, and sus-

taining an asset-specific Golden Spot demanded data and 

computation that did not exist. The convergence of four tech-

nologies in the Industry 4.0 and emerging Industry 5.0 era now 

makes the framework operationally feasible. 

7.1. Digital Twins 

A digital twin is a continuously updated virtual model of a 

physical asset. Digital twins are the ideal technological em-

bodiment of the Golden Spot: the twin defines “what optimal 

looks like” and enables real-time comparison between actual 

and ideal performance. Where the Golden Spot is a conceptual 

target, the digital twin is its computational instantiation. Pub-

lications on digital twin technology in infrastructure manage-

ment grew approximately 80% between 2019 and 2024 [40], 

and the technology is now mature enough to model the multi-

parameter performance envelopes that the Golden Spot re-

quires. Reported industrial deployments indicate that compre-

hensive digital-twin predictive-maintenance programs can 

achieve 50 to 70% reductions in unplanned downtime, with 

initial investments of $200,000 to $600,000 per program gen-

erating $1.2 to $3.5 million in annual savings and reaching 

positive return within 18 to 36 months [40]. These figures 

align closely with the value-realization horizon of the PSC im-

plementation roadmap. 

7.2. Artificial Intelligence and Machine 

Learning 

AI and machine learning enable three capabilities essential 

to the framework. First, unsupervised learning can discover 

the natural Golden Spot of an asset from historical data, iden-

tifying the parameter combinations associated with peak per-

formance without requiring exhaustive manual specification. 

Second, supervised models can predict departure from the 

Golden Spot (Point S) earlier and more reliably than threshold 

alarms, extending the restoration window. Third, AI reframes 

Remaining Useful Life prediction from “when will it fail?” to 
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“how long can this asset sustain optimal performance?”, 

which is the precise question the MTOP metric answers. Root 

Success Analysis is itself a pattern-recognition problem well 

suited to machine learning, which can identify the operational 

signatures that distinguish best-performing assets. 

7.3. Industrial Internet of Things and Edge 

Analytics 

The Industrial Internet of Things (IIoT) provides the con-

tinuous sensor streams required to compute Success Rate in 

real time. Low-cost retrofit sensors make even legacy assets 

monitorable, with sensor costs of hundreds of dollars against 

asset-replacement costs of millions [41]. Edge analytics ena-

ble Golden Spot deviation to be detected at the asset rather 

than after data transfer, reducing the latency between Success 

Departure and intervention, and thereby reducing MTTRg. 

This democratizes the framework: organizations need not re-

place assets to adopt PSC, only instrument them. 

7.4. Industry 4.0, Industry 5.0, and the Human 

Dimension 

Industry 4.0 supplies the cyber-physical infrastructure for 

the framework, while the emerging Industry 5.0 paradigm, 

with its emphasis on human-centricity, resilience, and sustain-

ability, aligns precisely with the PSC philosophy. The frame-

work’s success-oriented language is inherently more motivat-

ing for the human workforce than failure-centric framing, sup-

porting the people-involvement requirements newly formal-

ized in ISO 55012: 2024. By positioning technicians as culti-

vators of success rather than preventers of failure, the frame-

work addresses the cultural and competence dimensions that 

determine whether technology investments deliver returns. 

These four technology enablers, digital twins, AI/ML, IIoT, 

and the Industry 4.0/5.0 ecosystem, do not alter the fundamen-

tal positioning of the PSC framework relative to established 

methodologies. Rather, they increase the operational feasibil-

ity of constructs that would have required prohibitive manual 

effort in earlier decades, and they strengthen the business case 

for adoption by making the ROI of success-oriented monitor-

ing quantifiable. The relationship between the PSC framework 

and the established methodological landscape it complements 

is clarified in Section 8. 

8. Relationship to Existing Frameworks 

and Boundaries of Application 

The PSC framework is a complementary layer, not a com-

peting methodology. Organizations can adopt it without aban-

doning RCM, TPM, or RBI. RCM continues to govern safety-

critical failure analysis while PSC optimizes performance of 

the same assets; TPM’s OEE extends naturally into MTOP 

and OPE; and RBI inspection priorities are complemented by 

Golden Spot operational targets. 

Equally important is clarity about where failure-centric 

analysis remains essential. The framework does not replace 

failure analysis in four scenarios: (a) safety-critical applica-

tions where failure consequences include fatality or environ-

mental catastrophe, in which FMEA, fault tree analysis, and 

consequence-based RCM remain indispensable; (b) regula-

tory and compliance contexts that mandate specific failure 

methodologies, such as API 580/581 and MSG-3; (c) assets 

with known degradation mechanisms approaching design lim-

its, where real metallurgical degradation cannot be reframed 

away; and (d) post-incident investigation, where Root Cause 

Analysis remains the appropriate tool. The recommended pos-

ture is success-oriented thinking as the default, with failure-

oriented analysis reserved for these specific scenarios. Most 

mature organizations will run both perspectives in parallel. 

9. Supporting Evidence and Industrial 

Business Impact 

While no organization has explicitly adopted the PSC 

framework, global case studies illustrate the outcomes achiev-

able through proactive, performance-oriented maintenance. 

These organizations used traditional tools; their results are 

cited as evidence of the trajectory toward success-oriented 

thinking that PSC formalizes, not as validation of the frame-

work itself. Table 8 summarizes representative outcomes. 

Table 8. Global case studies demonstrating outcomes of proactive maintenance philosophies. 

Organization Region Key Result Method Used Ref. 

Shell / C3 AI Global 20% downtime reduction AI predictive; 15M predictions/day [24] 

SNCF France 66% fewer breakdowns Condition monitoring, 1,100+ trains [25] 

Saudi Aramco Middle East 30% maintenance cost cut IoT sensors, Khurais field [26] 

Petrobras Brazil $154M digital twin savings Digital twins, 11 refineries [28] 
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The business case operates at three levels. At the enterprise 

level, Siemens’ 2024 analysis found that the world’s 500 largest 

companies lose $1.4 trillion annually to unplanned downtime, 

equivalent to 11% of revenues [30]. The U.S. Department of 

Energy documented maintenance cost stratification from $18 

per horsepower per year (reactive) to $6 (fully proactive), a 67% 

reduction [31]. At the sector level, the global predictive mainte-

nance market, valued at approximately $14.3 billion in 2025, is 

projected to reach roughly $98 billion by 2033 [32], while the 

digital twin market is forecast to grow from about $35.8 billion 

in 2025 to $328.5 billion by 2033 at a compound annual growth 

rate above 31% [42]. This sustained capital flow toward the pro-

active, data-driven orientation that PSC formalizes confirms 

that the framework addresses a live and growing industrial pri-

ority rather than a theoretical one. 

At the macroeconomic and policy level, the framework 

speaks directly to the infrastructure-investment challenge. With 

a documented $3.7 trillion U.S. infrastructure gap [33] and ag-

ing asset fleets across every industrial sector globally, a para-

digm that extends asset life rather than defaulting to replace-

ment carries significant economic and sustainability implica-

tions. Because Overall Performance Excellence embeds energy 

efficiency, fleet-wide adoption would contribute measurably to 

industrial decarbonization, aligning the framework with the net-

zero commitments that motivated the ISO 55001: 2024 revision. 

The success-oriented framing also reshapes workforce engage-

ment, an increasingly binding constraint as experienced mainte-

nance personnel retire, by positioning maintenance as a value-

creating profession rather than a cost-containment function. 

10. Application to Aging and Legacy 

Assets 

The framework may deliver its greatest value for aging assets, 

where failure-focused analysis can become counterproductive. 

When an asset is old, failure-centric analysis tends toward a sin-

gle conclusion: replacement. This can create a self-fulfilling 

prophecy in which aging assets receive diminished optimization 

investment and consequently deteriorate faster. A success-ori-

ented approach asks instead what optimal performance looks 

like for the asset at its current life stage. Strategic life extension 

delivers $2 to $5 million in cost avoidance per system while 

enabling 7 to 10 years of additional operation [34], and the 

IAEA estimates that extending the global nuclear fleet’s life-

time by 10 years would add 26,000 TWh of low-carbon elec-

tricity [35]. Digital twins, IIoT retrofitting, and AI-based re-

maining-useful-life modeling make success-oriented manage-

ment of legacy assets practical at a fraction of replacement cost. 

11. Implementation Roadmap 

Adoption follows a phased, time-bound roadmap aligned 

with the management-review cycles of ISO 55001: 2024, 

summarized in Table 9. 

Table 9. Phased implementation roadmap for the PSC framework. 

Phase Timeline Key Activities Deliverables 

1. Assess & Envision Months 1-3 
Baseline maturity per ISO 55001; classify assets; define Golden 

Spot for top assets; first RSA 

Maturity baseline; Golden 

Spot profiles 

2. Build Foundation Months 3-9 
Configure CMMS/EAM and historian; deploy IIoT sensors; 

train teams in success vocabulary 

Instrumented assets; 

trained workforce 

3. Digital Enablement Months 9-18 
Build digital twins of optimal states; AI departure detection; 

SMEA documentation 

Digital twins live; SMEA 

records 

4. Optimize & Scale Months 18-36 
Transition KPIs (MTBF→MTOP); scale positive-deviance pat-

terns fleet-wide; embed continuous RSA 

Full KPI transition; em-

bedded culture 

Note: Change management should receive 30-40% of total project resources; organizations allocating only 10-15% experience 3-4× higher 

failure rates [39]. 

12. Discussion 

12.1. Contributions 

This article makes four contributions. First, it situates a suc-

cess-oriented maintenance framework within the lineage of 

historic management breakthroughs, clarifying both its intel-

lectual basis and its likely adoption pattern. Second, it opera-

tionalizes the framework against SMART criteria, converting 

philosophy into an implementable management system. Third, 

it maps the framework explicitly to ISO 55000: 2024 and the 

API, SAE, IEC, and ISO reliability standards, demonstrating 

compatibility with existing governance. Fourth, it shows how 

digital twins, AI, and the IIoT make the framework practical 
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in modern operating environments and quantifies the potential 

industrial business impact. 

12.2. Limitations and Future Research 

First, the novel constructs have not been empirically vali-

dated; while their individual foundations are well established, 

the combined framework requires field testing, ideally a con-

trolled pilot comparing failure-framed and success-framed 

teams on identical equipment. Second, the psychological evi-

dence for reframing has not been tested in maintenance-spe-

cific settings. Third, defining the Golden Spot requires asset-

specific expertise and data quality that may not exist for all 

assets. Fourth, the SMEA Success Priority Number scoring 

requires cross-industry validation of its inter-rater reliability 

and predictive accuracy. Fifth, the cited case studies used tra-

ditional tools and illustrate the trajectory toward success-ori-

ented thinking rather than validating PSC directly. 

The future research agenda encompasses five specific em-

pirical pathways. First, a randomized controlled pilot study 

should compare maintenance teams using failure-framed tools 

against teams using the PSC framework on operationally iden-

tical equipment, measuring MTOP, MTTRg, SR, OPE, and 

organizational behavior outcomes over a minimum 4-12-

month period. Second, a cross-industry SPN validation study 

should assess inter-rater reliability and scoring consistency of 

the SMEA methodology across at least three industry sectors, 

using the pump example in this article as the anchor case. 

Third, longitudinal MTOP tracking should be conducted 

across diverse asset types, including heat exchangers, com-

pressors, transformers, and rotating equipment, to establish 

baseline benchmarks analogous to the MTBF norms that exist 

in the RCM literature. Fourth, qualitative research using struc-

tured interviews and ethnographic observation should meas-

ure how maintenance technicians and engineers respond to 

success-oriented versus failure-oriented framing in their daily 

cognitive processes and decision-making. Fifth, a digital-twin 

integration study should demonstrate the computational im-

plementation of the Golden Spot as a real-time model in an 

operational industrial environment and quantify the MTTRg 

improvement achievable through AI-driven departure predic-

tion. Collaborators from industry and academia are invited to 

engage in any of these pathways. 

13. Conclusions 

This article has presented the Potential Success Curve as a 

complementary, success-oriented evolution of Reliability-

Centered Maintenance, and has demonstrated its practical ap-

plicability through SMART operationalization, explicit align-

ment with ISO 55000: 2024 and international reliability stand-

ards, and enablement by digital twins, artificial intelligence, 

and the Industrial Internet of Things. The framework belongs 

to a recognizable lineage of management breakthroughs, from 

TPM to Lean to Six Sigma, each of which reframed industrial 

practice and was ultimately adopted as standard. 

The framework does not invalidate RCM, TPM, or RBI, 

which remain essential for safety-critical applications and reg-

ulatory compliance. Rather, it adds a complementary layer 

that operationalizes the value, assurance, adaptability, and 

sustainability outcomes at the heart of modern asset manage-

ment. With $1.4 trillion lost annually to unplanned downtime 

and a multi-trillion-dollar global infrastructure gap, the eco-

nomic and sustainability case for evolving maintenance phi-

losophy is compelling. The novel constructs require empirical 

validation, and the author welcomes collaborative efforts to 

test them in operational environments. The question is no 

longer whether maintenance philosophy should evolve be-

yond exclusive failure-centricity, but how quickly the industry 

will operationalize the shift from preventing failure to sustain-

ing excellence. 
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RCA Root Cause Analysis 
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ML Machine Learning 
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CMMS Computerized Maintenance Management 

System 

EAM Enterprise Asset Management 
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