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Key Take-Aways
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• Applying design focus to Critical Systems enables manageable 

and value-added risk mitigation within Concept Design Realm.

• Design considerations stemming from a 2-hr SME discussion 

expedite quality completion of a Concept Design FMEA.

• Concept Design FMEAs enable preventative risk-mitigation to 

occur while system-level design is fluid avoiding downstream 

cross-functional redesign inefficiencies.

• Failure modes relating to each Dimension of Quality + 

Sustainability warrant mitigation within Concept Design Realm.
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“At the highest-level, a design failure is 

the inability to optimally meet company 

and customer expectations!”



• A sound product design concept enables the potential of 

achieving optimal performance against Garvin’s 8 Dimensions of 

Quality + Sustainability.
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Majority of a design’s 

lifecycle CO2 footprint 

determined in the 

concept phase!



• Critical Systems are items of 

inherent risk of efficiently achieving   

a high-level of Design Quality.

• Critical Systems are system-level

design elements of a new product

that are:

– Critical-to-program success

– Unproven to be within an organization’s core competency

(or items very likely to have Design Quality “unknowns”)

Early Design Focus
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Critical System 9-Box



Critical System Characteristics

• No viable proven ‘parent’ exists

to guide system-level design work.

• Past attempts to design similar 

systems resulted in significant

redesign activity.

• Performance of one or more critical-NUD functions affected.

• Complex trade-offs exist across functional, subsystem, and 

Design Quality boundaries warranting clear system-level design 

ownership.
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“Must place focus on inherently at-risk 

Critical Systems above the items likely 

to be designed right anyway!”



Early “Requirements” Focus

• Each Critical System becomes the focus of a System-Level 

Assessment (SLA) SME-based discussion.

– SLA is a voice gathering initiative that enables design considerations and 

requirements to be efficiently and methodically harvested from a group of 

diverse and knowledgeable SMEs.

– Typically, 80-120 nonobvious design considerations are gathered within 2 

hrs across relevant Design Quality categories.

• Provides a detailed knowledge foundation enabling sound system-

level design concept development and early risk mitigation.
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SLA – Gathering SME Knowledge
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• 2 hr Systems Engineer-facilitated discussion – critical to gather 

voices efficiently given extreme demand on SME’s time.

• Sometimes 4 hrs required for very complex Critical Systems. 

Steps to Gathering SME Voices



SDA – Translating SME Voices
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• 3-5 hrs per Critical System to translate voices – Systems 

Engineer to translate off-line / review with CS owner.

• Each design consideration assessed for inclusion / exclusion from 

design concept – may evolve into future requirement.

Determine 

Architectural 

Criticality

Steps to Translating SME Voices into Design Considerations



Critical Systems Identified and 

Prioritized (Critical System 9-Box)

System-Level Design Concepts 

Derived for Each Critical System

Lead Design Concept Determined and Risk 

Mitigated (Concept Design FMEA*)

Critical System Design Concepts 

Updated and Cross-Functionally 

Reviewed (Concept Design Review)

Design Considerations and ASRs Derived 

for Each Critical System (SLA / SDA)

Architecturally

Significant

Requirements

Pass-Thru Requirements

Risk-Mitigated 

Design Concept

Concept Design (pre-NPI) Realm New Product Introduction (NPI) Realm

*Concept Design FMEA – Assesses the risks of the Design Concept 

not achieving its Dimension of Quality + Sustainability expectations.
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Detailed Requirements

High-Level  Design**

Detailed Design***

Implementation

Integration & Testing

Subsystem Validation

System Validation

Operations & Maintenance

Integration, 

Verification, & 
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** Critical System Design FMEA / Cross-Functional Design Review

*** Detailed Design FMEA / Cross-Functional Design Review

Reference:  Traditional Vee Diagram per Elm, 
Gualtieri, McKenna, and Grossman – Dec 2008

Executing “Left Wing” of Vee
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“ALL design concepts have pros and 

cons…meaning that ALL concepts have 

cons that warrant up-front mitigation!”



Design Pyramid

• A Concept Design FMEA ensures 

each design consideration receives an

adequate up-front assessment while

design freedom exists. 

• If a redesign is required later in the 

design process, every cross-functional

entity is adversely affected.
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Streamlines Design Process
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• Using SLA / SDA to establish a cross-Design Quality 

understanding of a Critical System:

– Quickly provides the Design Engineer (and their team) with a system-

level understanding typically more-detailed than traditional CONOPS.

– Enhances the quality and completeness of the design concept by 

considering a broad range of cross-functional perspectives and ideas.

– Minimizes the potential for a costly and time-consuming redesign by 

discovering and uncovering requirement-based knowledge.

– Provides a foundation against which design concept trade-studies and 

other support tools can be completed and expedited.



Risk-Mitigated Design Concept
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• Requirement and design consideration-knowledge provides a 

framework for quickly assessing a design concept’s risks of not 

meeting customer expectations.

• A “response” (via D-FMEA) to each “design consideration” also 

minimizes the potential for bias to overwhelm the concept 

design process.

• By assessing performance-risk against each Design Quality 

category, holistic risk mitigation is enabled while the system-

level design concept is still fluid.



System-Level Design Freedom

• Efficient resolution of design concept vulnerabilities and trade-

offs must occur when system-level design freedom exists.
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Case Study – Fuel Cell System
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• Using SLA to complete a Critical System Concept D-FMEA:

– Reduced the time required by > 80% (4.5 vs. 32-80 hrs)

– Resulted in a much higher percentage of “prevention items” 
(or those risks efficiently addressed by a design change)

– Resulted in assigning many prevention items to other Critical Systems

– Addressed several “unknowns”

95%

65%Critical 

System 1

Critical 

System 2



“Unknowns” Mitigated
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• SLA methodology repeatedly highlights “unknown” (or 

nonobvious) design considerations – such items pose inherent 

redesign risk if not “considered” early in the design process.  

Using SLA:

• 170% more patents 

than traditional program.

• ~90% of patents

system-level-in-nature. 

1  Genter, Bauer – SAE 2023-01-1517
2  www.collinsdictionary.com
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SLA / SDA → P-Diagram → FMEA
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Concept Design FMEA Flow
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SLA / SDA Content Example
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80-120 SME Voices

(2 hr Discussion)

+20% “SHALL Consider” Statements

(3-5 hrs to Translate Voices Off-Line)



P-Diagram Content Example
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“SHALL Consider” Statements

(Knowledge Foundation for ALL Design Tools)

“Mined” P-Diagram Content

(Info Flows into D-FMEA)



Summary

• Critical Systems place a practical and manageable up-front 

focus on a product’s most-critical and at-risk design elements.

• All Design Quality elements have failure modes requiring 

potential mitigation in the design concept phase. 

• SLA workflow practically enables the “left wing” of the vee, and  

consistently highlights inherently at-risk “unknowns” early in 

design process avoiding costly and time-consuming redesigns.

• SLA methodology provides a knowledge foundation that 

expedites the quality execution of ALL concept design support 

initiatives including concept development.  
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Any Questions?
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Thank You!

https://www.linkedin.com/in/david-genter

david.p.genter@cummins.com

stephanie.a.bauer@cummins.com

shamil.baldeosingh@cummins.com

https://www.linkedin.com/in/david-genter
mailto:stephanie.a.bauer@cummins.com
mailto:stephanie.a.bauer@cummins.com
mailto:Shamil.baldeosingh@cummins.com
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