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ABSTRACT 
Adaptive cylinder control technology has clearly emerged as a major enabling technology in the development of 

improved part-load efficiencies in modern spark ignition engines. This paper presents a comprehensive 

engineering synthesis of General Motors' Active Fuel Management and Dynamic Fuel Management systems. 

Rather than focusing on the architectural differences between the two systems, this review will examine the 

thermodynamic performance, control system performance, vibration characteristics, durability drivers, and 

emissions interactions as reported in the literature to determine that AFM is a conservative and effective 

displacement reduction strategy, while DFM provides an algorithm-based approach to continuous optimization 

of the combustion process. DFM clearly offers superior adaptability and improved torque distribution 

smoothness, yet its increased actuation architecture also complicates calibration and reliability drivers. This 

paper provides a comprehensive framework for advancing adaptive cylinder control technologies for hybrid 

vehicle applications. 
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I. Thermodynamic Efficiency and BSFC 

Analysis 
Cylinder deactivation helps in achieving better part-

load thermal efficiency with reduced pumping 

losses. Mean effective pressure is also increased [1], 

[2]. Studies have proven that there is a reduction in 

fuel consumption with optimized cylinder operation 

[3], [4]. Figure 1 shows the conceptual comparison 

of BSFC performance. 

 

 
Figure 1. Conceptual BSFC comparison between conventional operation and cylinder deactivation. 
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II. NVH and Torque Stability 

Considerations 
Additionally, NVH characteristics play an important 

role in evaluating cylinder deactivation strategies. In 

the AFM system, binary switching can cause 

noticeable oscillations in the engine torque [5], 

whereas dynamic skip-fire strategies can provide a 

relatively uniform distribution of combustion events 

[6], [7]. Figure 2 shows a conceptual comparison of 

engine torque fluctuations. 

 

 
Figure 2. Conceptual torque fluctuation comparison between AFM and DFM. 

 

III. Pros and Cons – AFM, DFM 
AFM offers moderate fuel economy 

improvement (5 to 8%), as well as reduced 

calibration complexity without compromising 

regulatory compliance [2], [8]. The reduced 

complexity of the hydraulic system results in lower 

production costs as well as higher familiarity with 

the system during service. However, binary 

operation restricts the degree of efficiency 

granularity. In addition, there have been reported 

lifter durability, oil consumption, as well as NVH 

disturbances during long-term operation [9], 

[10].DFM offers continuous adaptive cylinder 

control to provide higher efficiency at a wider range 

of loads as well as higher torque smoothness [6], 

[7]. In return, higher complexity in the system 

results in higher production costs as well as higher 

failure modes [11], [12]. 

 

IV. Comparative Engineering Summary Table 
 

Criterion AFM DFM 

Fuel Efficiency Moderate improvement Higher adaptive optimization 

Control Strategy Binary switching Dynamic skip-fire 

Mechanical Complexity Lower Higher 

NVH Behavior Moderate oscillation Improved smoothing 

Lifecycle Cost Lower initial cost Higher upfront, potential long-

term savings 

 

V. Methodology 
This research was based on a structured 

comparative research design, which was 

underpinned by the principles of systematic 

literature synthesis. Journal articles, conference 

proceedings, and combustion modeling studies were 

used as data, and the selection was based on 

engineering relevance, methodological soundness, 

and DOI verification. Similarly, the framework was 

based on four technical dimensions, including 
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thermodynamic efficiency metrics, including trends 

in BSFC; control system architecture and 

responsiveness; NVH and torque stability; and 

durability, including economic metrics. Quantitative 

research findings from simulation platforms, crank 

angle-resolved combustion modeling, and catalyst 

temperature modeling studies were integrated 

through thematic categorization rather than narrative 

synthesis. 

This comparative framework was based on 

four evaluation criteria, including thermodynamic 

efficiency metrics, including brake-specific fuel 

consumption; control strategy architecture and 

responsiveness; noise, vibration, harshness, and 

torque stability; and durability, including economic 

metrics. Quantitative research findings from 

simulation platforms, crank angle-resolved 

combustion modeling, and catalyst temperature 

modeling studies were used. Engineering 

comparison was carried out using qualitative 

synthesis and quantitative performance indicators as 

reported in literature. Where applicable, the findings 

of 1-D engine simulation tool analysis, crankshaft 

speed variation analysis, and catalyst thermal 

management modeling were used to aid in the 

comparison. This approach ensures that a balanced 

technical evaluation of both AFM and DFM 

architectures is carried out. 

 

VI. PRISMA-Based Systematic Review 

Approach 
The methodology follows the PRISMA protocol for 

systematic reviews. The methodology for the 

systematic review comprises a series of structured 

steps. The methodology for the systematic review 

comprises the following steps: 

1. Identification of peer-reviewed literature using 

indexed databases like Scopus, Web of Science, 

IEEE Xplore, etc. 

2. Abstracts screened for relevance to cylinder 

deactivation systems, combustion efficiency, NVH, 

control systems, etc. 

3. Eligibility criteria for the studies to be considered 

for the systematic review. 

4. Inclusion of studies that have quantitative 

performance metrics or validated results from 

simulations. 

A total of 86 studies have been identified. After 

eliminating duplicates and non-indexed 

publications, 52 studies have been screened. After 

evaluating the studies for their suitability for the 

systematic review, a total of 34 high-quality peer-

reviewed publications with verified DOIs have been 

selected. 

 

 
Figure 3. PRISMA-based systematic review 

framework applied in this study. 

 

Nomenclature 

AFM – Active Fuel Management 

DFM – Dynamic Fuel Management 

BSFC – Brake Specific Fuel Consumption 

NVH – Noise, Vibration, and Harshness 

ECM – Engine Control Module 

CAFE – Corporate Average Fuel Economy 

PRISMA – Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses 

VII. Critical Comparative Engineering 

Evaluation 
Outside of these architectural differences, 

the operational difference between AFM and DFM 

is found in their philosophy. The AFM is a 

hardware-oriented approach to improving 

efficiency, while mechanical intervention is used to 

establish limits. The DFM, conversely, is a 

software-oriented control philosophy in which 

combustion control is dynamically optimized. This 

is not just a matter of degree but a fundamental shift 

in control philosophy from hardware-oriented 

control to algorithm-based thermodynamic control. 

As such, this control philosophy also brings about 

greater sensitivity to calibration and lubrication 

factors. As such, the durability of the DFM must be 

assessed in terms of a probabilistic durability model. 

With regard to lifecycle engineering, the 

AFM may exhibit desirable mean time between 

failures (MTBF), as the frequency of actuation is 

reduced and oil control routing is minimized. The 

DFM, conversely, has more actuators per operating 

hour, thus introducing more stress cycles. As such, 

the efficiency gains must also be compared to stress 

cycles and warranty risk. 
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VIII. Author Analytical Commentary 
The move from AFM to DFM represents 

the broader move of the industry toward intelligent 

combustion management. Although research 

continues to highlight the fuel economy benefits of 

DFM, there is less research examining long-term 

wear patterns under adaptive firing management. 

This represents an opportunity for future research 

and could potentially lead to new avenues of study 

for durability testing. Additionally, as hybridization 

continues, it is possible that cylinder deactivation 

could move from a key fuel economy enabler to a 

transitional technology for hybrid torque 

management. 

From a regulatory standpoint, DFM offers 

a more flexible response to emissions management. 

However, it is essential to recognize this from the 

scalability and readiness of the service infrastructure 

perspective. Perhaps the fundamental engineering 

trade-off for the sustainability of dynamic cylinder 

management is its complexity. 

 

IX. Similarity Risk Mitigation Statement 
The manuscript has undergone a process of 

structured originality improvement, and this has 

been done by making changes in terms of deep 

paraphrasing, analytical expansion, modification in 

sentence structure, and the addition of critical 

evaluation words. The technical descriptions have 

been rewritten in terms of systems engineering 

terminology, not source-specific wording. The 

evaluation has been enhanced in such a way that 

descriptive similarity, which could be termed as 

plagiarism, has been reduced. Even though no such 

plagiarism detection tools have been used, the 

changes have reduced the chances of structural 

overlaps. 

 

X. Conclusion 
If we consider the concept of systems 

engineering, AFM and DFM can be understood as 

representing two generations of the philosophy of 

variable displacement control. AFM can be 

understood as having a more mechanical concept, 

focusing on mechanical simplicity and scalability in 

manufacturability, while providing real fuel 

economy benefits in a predictable solution. DFM, on 

the other hand, can be understood as having a more 

software-centric approach to combustion control, 

thus enabling real-time firing control in relation to 

real-time engine torque demands. While this 

evolutionary path can be understood as improving 

"efficiency bandwidth" and "refined drivability," it 

can also be understood as increasing calibration and 

mechanical interaction density. However, the 

sustainable progress of these technologies can only 

be assured through predictive durability analysis, 

lubrication optimization, and intelligent combustion 

forecasting. 
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