
Why QIF matters

a lot more than 
you think.



QIF is more than a 
metrology standard,

It provides support for Model Based 
Enterprise, Digital Thread, Digital 
Twin, and enterprise reuse of CAD 
data.
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No... seriously.



QIF solves modern problems 
because it was designed to 
solve an old, difficult problem.

Making interchangeable parts.



Honoré Blanc, manufactures standard 
design interchangeable musket locks.

 Starts with a master model (pattern.)
 Cut-and-try methods using forging dies, 

files, jigs, gages, and patterns.
 No dimensional measurements.

1785, France



Blanc demonstrates the first large scale 
interchangeability of complex 
mechanical parts.

 Disassembles 50 musket locks, randomly 
picks parts, and assembles them into 
working locks.

 French government officials are 
impressed.

 Other gunsmiths are not impressed.

1785, France



The back story:
 Blanc worked for the French Army
 The French Army had been pressuring 

gunsmiths to lower costs and increase 
quality

 They sold to American revolutionaries, 
instead of the French Army

 Blanc’s work was a strategy for replacing 
skilled gunsmiths with unskilled labor.

1785, France



Thomas Jefferson had witnessed 
Blanc’s demonstration.

 Realizes that Blanc’s methods 
could free the US from 
dependence on foreign arms 
suppliers.

 Brings Blanc’s ideas back the US.
 Becomes  champion for 

interchangeable parts.

Late 1700s



Eli Whitney wins US government contract to 
manufacture 10,000 muskets with a 2 year 
deadline.

 Becomes a vocal advocate for 
interchangeability, and the development of 
water powered machine tools.

 Two years later, has not delivered a single 
musket.

1798



Eli Whitney puts on presentation, to show 
interchangeability of musket locks 

 Before a group including congressmen, 
President Adams, and President-Elect 
Jefferson.

 Is hailed for his performance, and wins 
an extension to his contract.

 Becomes known as a pioneer of the 
machine age.

1801



The back story:

Whitney never seriously 
tried to achieve 
interchangeability.

His demonstration was 
faked.

The muskets he ultimately 
delivered under the 
contract were poor quality.

1801



John Hall demonstrate parts interchangeability 
with Hall’s Rifle, US Model 1819.

 Designed for interchageability, and built using 
machine tools.

 In-process and final inspection requires the 
use of over 63 inspection gages.

 In 1834, Simeon North makes interchangeable 
rifles by adopting Hall’s manufacturing 
processes and gages.

1826



Precision measuring equipment becomes 
available

 Joseph Whitworth invents desktop 
precision measuring machine

  Jean Laurent Palmer invents pocket 
micrometer

 Brown & Sharp invent machine for 
graduating rules.

Mid 1800s



US Military adopts M1911 pistol
 Designed by John M. Browning
 Manufactured by Colt
 Based on 15 years of R&D, with multiple 

prototypes
 Highly tooled manufacturing

Early 1900s



Multiple companies are contracted 
to manufacture M1911s based on 
Colt drawings and sample pistols.

 Drawings are untoleranced, have 
over 400 known discrepancies, 
and are not useable.

 Remington-UMC reverse-
engineers Colt samples.

 Still can not achieve full 
interchangeability.

WWI



Springfield Armory builds inspection gages for 
M1911.

 Based on the Colt drawings.
 Colt pistol parts don’t fit the gages.
 Colt was not making pistols that matched the 

drawings.
 It is cheaper to rebuild the gages than to reject 

the out of spec parts.

1924-1932



M1911s still had 
interchangeability problems.

 Remington stops production 
for three months to fix them.

 By the end of WWII, the 
government finally 
understands how to make a 
M1911 pistol.

 They never buy any more.

WWII



US ramps up to a war economy. 

Many companies contracted to manufacture products based on 
designs created by other companies

WWII



It is quickly discovered that production drawings 
aren't good enough.

 Even fully-annotated drawings, with +/- 
tolerances prove to be ambiguous.

 The short term solution is more collaboration. 
 Discussion of long term solutions begins after 

the war is over.

WWII



Stanley Parker is an inspector at the Royal 
Torpedo Factory in Scotland.

One morning, he discovers that a run of 
parts which had failed dimensional 
inspection the day before have 
disappeared.

The parts had been taken by 
manufacturing, functionally tested, and 
installed in torpedoes.

1940



Parker recognizes that problem traced 
to the use of coordinate (+/-) 
tolerancing.

 He pioneers concept of geometrical 
tolerancing.

 Is instrumental in development of 
GD&T.

1940



Steven Coons, Douglas Ross, Ivan Sutherland, 
Timothy Johnson, Lawrence Roberts, and other 
MIT researchers invent Computer Aided Design.

Early 1960s

“[We] discussed the possibility of using the computer in a 
much more direct and powerful way in the chain of events 
that begins with the original concept as envisioned by the 
design engineer and culminates in the production of the 
finished device.” – Steven Coons



MIT CAD Project innovations:

Early 1960s
Feature-Based Modeling

Geometric Constraints

Object-Oriented Programming

Procedural Programming

Graphical User Interface

2D CAD

3D CAD

Surface Modeling

B-Rep Solid Modeling



Early 1960s
The MIT CAD Project vision of the engineering 
design process was expansive, and resembled 
something familiar to us today.

The Model-Based Enterprise.



Early 1960s
“On some far off day it may even be possible to call up last 
year's automobile on the oscilloscope, to wave the magic 
wand of the light pen, and in a very short time to create the 
modified new version from the old. This will be, in a sense, 
a mechanization of experience.”– Steven Coons



After 20 years of development, CAD comes of 
age.

 Pro/E sets the pattern for modern MCAD
 Parametric design features
 NURBS surfaces
 B-Rep solids

 Incompatibility is baked in

Mid 1980s



For 250 years, the process of making interchangeable parts has 
remained essentially the same:

• Define what you want to make,
• Figure out how to make it,
• Make it,
• Inspect what you made,
• Compare what you made with what you wanted to make
• Learn from your mistakes

Interchangeable parts



250 years ago, we used patterns,

200 years ago, we added tooling,

150 years ago, we added dimensioned drawings,

125 years ago, we added +/- tolerances,

50 years ago, we added GD&T,

25 years ago, we added 3D models,

Today, we have 3D MBD.

But people still use drawings and +/- tolerances.

Define what you want to make



250 years ago, we used touch and sight.

200 years ago, we added gages,

100 years ago, we added micrometers,

75 years ago, we added optical comparators,

50 years ago, we added CMMs.

Today, we use fully digital measuring equipment.

Inspect what you made



QIF connects these these steps. Digitally.
• Define what you want to make,
• Figure out how to make it,
• Make it,
• Inspect what you made,
• Compare what you made with what you wanted to make
• Learn from your mistakes

What QIF does 



 Product definition (authority dataset) can be 3D MBD, 3D CAD, 2D drawing, 
3D scan, 2D scan, 3D mesh, or additive manufacturing format.

 QIF can link to and/or embed data from any of these formats.
 QIF mimics the 3D topology of major CAD systems and neutral formats.
 If an authority dataset includes object identifiers, QIF can link to them, 

providing persistent end-to-end traceability.
 QIF maintains semantics and feature associativity for PMI.
 QIF-MBD can be validated, and digitally signed as a trusted derivative 

model.

Define what you want to make



 QIF was designed by metrology and quality inspection experts.
 Combined with DMIS, it covers the entire inspection process.

Inspect what you made



QIF includes:
 A fully semantic ontology,
 Integral validation criteria,
 End-to-end traceability,
 Open, documented XML schema.
Collectively, these enable:
 Rapid revision cycles,
 Closed-loop feedback to design and manufacturing,
 Full compatibility with big data analytics.

Learn from your mistakes 



 QIF was designed to solve the problem of interoperability in 
quality inspection processes.

 In order to solve this problem, QIF had to solve the general 
problem of enabling semantic reuse of 3D CAD/MBD models.

 By accident, it solved the problem of using 3D CAD/MBD 
models in MBE, digital thread, digital twin, IoT, and other digital 
transformation applications.

Interoperability



 It actually works. Today. In commercial off-the-shelf applications
 It’s fast and easy to implement (all things are relative.)
 It solves big problems for quality and metrology specialists.
 It solves big problems for MBD specialists.
 It doesn’t cause big problems for IT specialists.
 It frees up vendors to concentrate on innovation.
 It co-exists with other MBD related standards.
 It integrates easily with enterprise applications.

Why does QIF matter?



Contact information:
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