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1 Proposal 

With the release of Quality Information Framework (QIF) version 2.1 [1], industry is beginning 
to widely adopt the standard. We propose a next step in enhancing the standard would be to extend 
QIF beyond inspection to broader manufacturing-quality issues. An illustration for such an ex-
tended scope is provided in Figure 1, where additional quality practices could be explored for QIF 
support. These quality practices include the Automotive Industry Action Group’s (AIAG)1,2 Pro-
duction Part Approval Process (PPAP) [2] and Advanced Product Quality Planning (APQP) [3]. 
Since QIF already supports the AS9102 First Article Inspection (FAI) process as practiced within 
the aerospace industry [4], it would be reasonable to anticipate QIF’s abilities to support additional 
quality processes, including those illustrated in Figure 1. 
 
Therefore, we propose the first quality-focused QIF expansion to be Failure Mode and Effects 
Analysis (FMEA) [5]. The QIF working group should consider including FMEA as a new feature 
in QIF3.  
 
1.1 Proposed Integration Structure 
Product design and production are core lifecycle functions. FMEA is applied to both, Design 
FMEA (DFMEA) and Process FMEA (PFMEA), respectively. Meanwhile, QIF encompasses 
eight parts, including QIF Model-Based Definition (MBD) [6], QIF Plans [7], QIF Resources [8], 
and QIF Results [9], each addressing a component of a part’s quality-measurement process. Given 
the anticipated interactions between the current parts of QIF and FMEA, it is reasonable for the 
entire FMEA schema to be proposed as a new part in QIF that is complementary to the existing 
QIF parts. We propose a new part named Quality Management (QM). 
 
The following alternative ways to integrate FMEA into QIF were also considered but found to be 
inferior to our proposed solution: 
 

• PFMEA be a part of QIF Plans; this means to consider PFMEA as a part of quality planning 
analysis. The ambiguity would be that PFMEA covers a much broader scope and inspection 
planning is only a very small fraction of the PFMEA concerns. 
 

• DFMEA be a part of QIF MBD; this means to consider DFMEA as a supportive method 
to improve product design. The ambiguity would be that such a support is directed toward 
the design phase while QIF MBD deals with documenting the design results. 

 

                                                 
1 The AIAG was founded by Ford, General Motors, and Chrysler and has grown to include companies such 
as Toyota, Honda and Nissan, heavy truck and earth moving manufacturers such as Caterpillar Inc. and Navistar In-
ternational, and many of their Tier One and sub-tier suppliers and service providers. 
 
2 Product/Company Disclaimer: Certain commercial products or company names are identified in this paper to de-
scribe our study adequately. In no case does such identification imply recommendation or endorsement by the Na-
tional Institute of Standards and Technology, nor does such identification imply that the products or names identi-
fied are necessarily the best available for the purpose. 
 
3 Note that it is not within our proposal to consider any other components in Figure 1. 

https://en.wikipedia.org/wiki/Ford
https://en.wikipedia.org/wiki/General_Motors
https://en.wikipedia.org/wiki/Chrysler
https://en.wikipedia.org/wiki/Toyota
https://en.wikipedia.org/wiki/Honda
https://en.wikipedia.org/wiki/Nissan
https://en.wikipedia.org/wiki/Caterpillar_Inc.
https://en.wikipedia.org/wiki/Navistar_International
https://en.wikipedia.org/wiki/Navistar_International
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1.2 Document structure 
An overview of FMEA is described in the following sections, along with how FMEA and the 
current QIF could leverage each other. An Extensible Markup Language (XML) based schema 
definition for FMEA is also described. 
 
Readers should note this document is not intended to define FMEA nor to systematically instruct 
users on how to practice FMEA, as FMEA has been well practiced over a few decades and plenty 
of references exist, including [5,10,11].  

2 Failure Mode and Effects Analysis 

FMEA provides a process for users to analyze their respective technical issues. The following 
briefly describes the process and the associated information elements that are required to support 
FMEA (see AIAG documents [5,10] for further details): 
 

• Identify the subject of focus (e.g., an item in a product design, a process step) to conduct a 
FMEA. Note, in general, FMEA is not intended to be conducted for every step in a process 
or every item in a product but, rather, the key elements that are most at risk. 

• Identify and list the function(s) corresponding to the identified subject. 
• Identify and list the requirements corresponding to the function(s), process step, and/or 

item. 
• Identify and list what could potentially go wrong (e.g., risks) in association with the iden-

tifications. The identified risks are called potential failure mode(s), which are explicitly 
associated with the previously identified requirement(s), function(s), process step(s), 
and/or product item(s). 

• Identify and list the effect(s) on the subject when each failure mode occurs. 
• Severity is “a ranking number associated with the most serious effect for a given failure 

mode [2,11].” When there are multiple effects, estimate the severity of each and assign a 
value between 1 and 10. The highest value is to be selected for the remaining steps of the 
FMEA, as described below.  

• Identify and list if there are special product or process feature(s)4 that need(s) to be ad-
dressed. This information element is called Classification in FMEA.  

• Identify the possible causes for each failure mode. 
• For each of the causes, identify and list: 

o Any prevention mechanism(s) that could be installed to prevent the cause and sub-
sequent failure mode from happening. 

o The likelihood of the occurrence of the cause and assign a value between 1 and 10. 
o If there are detection mechanisms that could be installed to detect the happening of 

the cause and subsequent failure mode. 
o The likelihood of such a cause being detected and assign a value between 1 and 10. 
o The risk priority number (RPN) for the cause, which is equivalent to the multipli-

cation of the Severity, Occurrence, and Detection values. 
o The recommended actions to reduce the chances for the cause to happen; the asso-

ciated pieces of information that should be documented are: 
 Any identified responsible parties. 

                                                 
4 The term “feature” is used here in its general definition and not how it is defined in QIF. 
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 Any targeted completion dates. 
 Any actions that were taken to address the cause. 
 Any actual completion dates. 

o Any resulting Severity/Occurrence/Detection/RPN values from all the actions that 
were taken. 

 
A FMEA reporting form is easily built encompassing these elements. An illustration for the body 
of a FMEA form is shown in Appendix A. Such a form also uses a header to document the asso-
ciated administrative information.  
 
We developed an XML Schema Definition (XSD) to cover these FMEA elements. Details are 
described later in this report. Instance files for the XSD are intended to document FMEA results. 
In the automotive industry, FMEA is often conducted at the beginning stages of a production pro-
gram, such as for product/part design and manufacturing processes. A FMEA team is commis-
sioned to conduct the FMEA(s). The FMEA process should iterate until the concerns for the failure 
modes and effects are sufficiently addressed and the resulting risk levels are determined and vali-
dated.  

3 Leveraging QIF for FMEA 

QIF and FMEA could benefit significantly from each other for interoperable information sharing. 
Figure 2 illustrates the specifics; the figure is not intended to show a complete set of the infor-
mation exchanges, but only some key aspects, including: 
 
Information flow coverage, QIF to FMEA: 

• QIF Results (e.g., the Out Of Tolerance arrow) [9] and/or QIF Statistics (e.g., the Process 
Capability Insufficient arrow) [12] could help define a failure mode on the manufactured 
product and/or the associated process.  

• QIF Results and/or QIF Statistics could help the Prevention Controls (e.g., the Monitor 
arrows) to reduce the occurrence chances of a failure mode and, likewise, help the Detec-
tion Controls in FMEA (e.g., the Meas Result and Meas Trend arrows, respectively) in 
detecting a failure mode that might be occurring. 

• The values provided by QIF Results and/or QIF Statistics could also be used to help iden-
tify Recommended Actions in FMEA.  

• Dimension Measurement Equipment (DME) characteristics, as modeled in QIF Resources 
[8], could help identify a failure mode (e.g., the Out Of Calib. arrow). 

 
Information flow coverage, FMEA to QIF: 

• A critical dimensional requirement could be identified as a high-risk potential failure mode. 
Conducting a FMEA could help detect a possible cause and prevent such a failure mode 
from occurring. These benefit the subject QIF MBD (e.g., the References for Improved 
Design arrow). 

• A resulting Recommended Action could help:  
o Benefit QIF planning, such as determining better suited locations and/or number of 

points to inspect, (e.g., the # Of Points arrow), responsible parties for conducting 
the planning actions, targeted completion dates for the recommended inspection 
plans, etc.  
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o Identify a QIF Resource in need of calibration.  
o Select a DME for inspection. 
o Reduce risk and/or improve product/process quality (e.g., via a resulting Engineer-

ing Change Request (ECR)) 

4 FMEA Information Models 

4.1 Overview 
The proposed FMEA Schema covers all the information elements required by all the FMEA vari-
ants as specified by AIAG. See Appendix B for the modeled variants in the proposed Schema.  
 
In the FMEA Schema, the names for the information substructures and elements are created to 
best represent the respective columns in the FMEA forms. Same names are used when possible. 
The intention is to effectively and efficiently map the FMEA Schema elements to the appropriate 
reporting forms. Another feature in the schema is that the elements are assumed common to both 
PFMEA and DFMEA unless otherwise explicitly modeled5. 
 
The FMEA schema uses a modeling style consistent with QIF’s XML naming and design rules, as 
applicable. 
 
4.2 Information Model Structures 
The main “container” information structure for QIF, QIFDocument.xsd is used to encompass 
both PFMEA and DFMEA (see Fig. 3), but only the needed aspects are used for FMEAs. In other 
words, the unused aspects should be excluded (by the programmer) in instance files. 
 
Fig. 4 through Fig. 14 show the elemental-information models for PFMEA. They follow the de-
scriptions in Section Error! Reference source not found.. DFMEA shares many of the common 
elemental models and is similar to PFMEA. 
 
Fig. 4 illustrates that FMEA contains a Header and a Body. In Fig. 5, the substructure Pro-
cessStepSubGroupType specifies n (i.e., multiple) ProcessSteps. Meanwhile, Pro-
cessStep, itself, is specified, in ProcessStepType, as containing a description for the step, 
the associated function(s) (via FMEAFunctionSubGroup), and their respective ids. 
 
The same pattern repeats in specifying n FMEAFunctions in the substructure of FMEAFunc-
tionSubGroupType. Meanwhile, FMEAFunction, itself, is specified, in FMEAFunction-
Type, as containing a description for the function, the associated requirements (via Require-
mentSubGroup), and their respective ids. See Fig. 6 and Fig. 7. 
 
The same modeling pattern repeats through Fig. 14 where the FMEA is completely modeled in 
XML. Appendix C maps the FMEA process as described in Section 2 to the elemental schema 
definitions. DFMEA is similar and its code is not listed. 

                                                 
5 The AIAG specification also uses alpha-numerals to help identify each of the elements in FMEA. For example, 
Process Step in PFMEA and Item in DFMEA are identified as “a1.”  These are included as a part of the inline docu-
mentation in the schema. 
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5 Summary 

A set of FMEA information models are proposed to be included as a part of the QIF standard. 
Upon presentation of the FMEA information models, the DMSC’s QIF working group preliminary 
accepted the approach. The expanded QIF would interest a broader audience that is concerned with 
quality above and beyond inspection. The data sharing between FMEA and the other QIF parts 
also means better utilization of QIF-represented data. Further iterations with the QIF working 
group are sought to further the evolution of the schema definition, for its application, and for help-
ing group develop roadmaps for QIF. 
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6 Figures 

 
 

Fig. 1. Illustrative Broad-Scope Manufacturing Quality Domain 

 

 
Fig. 2. Interactions Between FMEA and QIF 
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Fig. 3. QIF Main Container, QIFDocument.xsd, for PFMEA and DFMEA 
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Fig. 4. PFMEA Main Aspects: Header and Body 



 

9 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.AM
S.300-7 

 
 

Fig. 5. Process Step Subgroup Sub Model, Allowing Analyzing Multiple Process Steps in 
PFMEA 
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Fig. 6. Function Subgroup Sub Model, Allowing Analyzing Multiple Functions 
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Fig. 7. Requirement Subset Sub-Model, Allowing Analyzing Multiple Requirements 
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Fig. 8. Potential Failure Mode Sub Model 
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Fig. 9. Failure Mode Effects and Severity Sub Model: Parings and Highest Severity 
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Fig. 10. Cause (for The Failure Modes) Sub Model 
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Fig. 11. Cause details 

 

 
Fig. 12. Prevention Control Mechanism Sub Model (Detection Control Mechanism Sub Model Is 

Similar) 
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Fig. 13. Recommended Action Sub Model 
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Fig. 14. PFMEA Header 
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Appendix A: FMEA Illustrative Form – Body  
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Appendix B:  FMEA Information Model:  Form Variants Defined by AIAG 
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Appendix C:  FMEA Information Model Detailed Elements 

 
Table 1. FMEA Information Elements-1 
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Table 2. FMEA Information Elements-2 
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Table 3. FMEA Information Elements-3 
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Table 4. FMEA Information Elements-4 
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Table 5. FMEA Information Elements-5 

 
 

Table 6. FMEA Information Elements-6 
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