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Abstract 
 

This project addressed coordinate measuring machine (CMM) technology and 
model-based engineering.  CMM data analysis and delivery were enhanced 
through the addition of several machine types to the inspection summary 
program.  CMM hardware and software improvements were made with the 
purchases of calibration and setup equipment and new model-based software for 
the creation of inspection programs.  Kansas City Plant (KCP) personnel 
contributed to and influenced the development of dimensional metrology 
standards.  Model-based engineering capabilities were expanded through the 
development of software for the tolerance analysis of piece parts and for the 
creation of model-based CMM inspection programs and inspection plans and 
through the purchase of off-the-shelf software for the tolerance analysis of 
mechanical assemblies.  An obsolete database application used to track jobs in 
Precision Measurement was replaced by a web-based application with improved 
query and reporting capabilities.  A potential project to address the 
transformation of the dimensional metrology enterprise at the Kansas City Plant 
was identified.  

 

Summary 
 
This project included several different activities, each of which addressed a technical gap in the 
areas of CMM technology and model-based technology.  
 
In the area of inspection data analysis, a program was developed to summarize out-of-tolerance 
data for a group of parts, to improve the data’s readability, and to automatically create a product 
scorecard and/or a spreadsheet that summarizes the out-of-tolerance data.  The program uses 
inspection data files generated by a CMM to create a Microsoft Excel spreadsheet which, in turn, 
creates a product scorecard spreadsheet and/or an inspection summary spreadsheet.  The product 
scorecard contains a benchmark sigma value, along with averages, standard deviations, and 
yields for each measurement key.  The inspection summary contains out-of-tolerance values and 
ranges for each measurement key, detailed for each serial number of the group of parts.  
 
Several hardware and software improvements were provided for CMMs in the Precision 
Measurement department.  Calibration, probe setup, and part fixturing hardware was purchased.  
Calypso software and upgrades were purchased for seven different Zeiss CMMs, and training for 
a Precision Measurement CMM inspector/programmer was purchased for Zeiss Calypso Curve, 
and Planner, and Simulation software. 
 
Three different reverse engineering software packages were evaluated, and the Raindrop 
Geomagic Studio software was determined to have superior capabilities and an easy-to-use 
interface. 
 
Funded by this project, KCP personnel contributed to and influenced the development of the 
Dimensional Measuring Interface Standard (DMIS), the Dimensional Markup Language (DML), 

7 



and the Exchange of Quality Measurement Process Plan (eQuiPP) standard.  These standards 
provide standardized file formats for CMM inspection programs and for measurement results. 
 
Model-based engineering capabilities were expanded through the development of Feature-Based 
Tolerancing (FBTol) software for the tolerance analysis of piece parts and of Feature-Based 
Measuring (FBMeas) software for the creation of model-based CMM inspection programs and 
inspection plans and through the purchase and use of CETOL Six Sigma, off-the-shelf software 
for the tolerance analysis of mechanical assemblies. 
 
To improve operational efficiency in the Precision Measurement department, a web-based 
application that allows tracking of CMM inspection jobs was created.  The application interfaces 
with an Oracle database and allows departmental personnel to record information about 
inspection jobs, including time spent programming, time spent inspecting, inspection job type, 
receiving and shipping dates and locations, and equipment used. 
 

Discussion 
 
Scope and Purpose  
 
The compression of weapons program schedules, the increased use of parts suppliers, and the 
increased emphasis on work-for-others projects has led to the need to increase efficiency and 
improve the capabilities of coordinate measuring machines (CMMs) at the Kansas City Plant 
(KCP).  In addition, large amounts of inspection data must be analyzed before disposition can be 
made on parts submitted to the Precision Measurement department.  Reverse engineering 
software had been purchased, but it had not been evaluated.  Also, CMM standards that are 
necessary to enable CMMs to reach their full potential are not yet released for use in industry.  
Model-based methods that increase throughput and improve quality have not been fully 
implemented in KCP’s CMM operations. 
 
This project addressed these needs by performing work in several areas.  CMM hardware and 
software needs were assessed, and equipment and software were purchased to meet those needs.  
Programs were created and enhanced to automate and improve the analysis of the high volume of 
CMM inspection data.  Three different reverse engineering software packages were evaluated.  
Funded by this project, KCP personnel contributed to and influenced the development of the 
Dimensional Measuring Interface Standard (DMIS), the Dimensional Markup Language (DML), 
and the Exchange of Quality Measurement Process Plan (eQuiPP) standard.  Model-based 
engineering capabilities were expanded through the development of Feature-Based Tolerancing 
(FBTol), a software package used for the tolerance analysis of piece parts, Feature-Based 
Measuring (FBMeas), another software package used for the creation of CMM inspection plans, 
and the purchase of CETOL, off-the-shelf software used for tolerance analysis of mechanical 
assemblies that works directly with Pro/ENGINEER.  An obsolete database application used to 
track jobs in Precision Measurement was replaced by the Inspection Job Management System, a 
web-based application with improved query and reporting capabilities.  
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Prior Work 
 
ADAPT Project 706664, Advanced CMM Technology, performed work that was foundational 
for parts of this project.  That project enabled the initial creation of the product scorecard and 
inspection summary programs, which were expanded and improved with this project.  It also 
funded the purchase of three reverse engineering software packages, which were evaluated 
during this following project.  
 
Activity  
 
This project included several different activities, each of which addressed a technical gap in the 
areas of CMM technology and model-based technology.  
 
CMM Data Analysis  
 
Engineers and requesting inspection department personnel at the Kansas City Plant have been 
manually reviewing CMM inspection data for disposition of purchased and manufactured 
products.  A program was developed to summarize out-of-tolerance data for a group of parts, to 
improve the data’s readability, and to automatically create a product scorecard and/or a 
spreadsheet that summarizes the out-of-tolerance data.  The program uses inspection data files 
generated by a CMM to create a Microsoft Excel spreadsheet which, in turn, creates a product 
scorecard spreadsheet and/or an inspection summary spreadsheet.  The product scorecard 
contains a benchmark sigma value, along with averages, standard deviations, and yields for each 
measurement key.  The inspection summary contains out-of-tolerance values and ranges for each 
measurement key, detailed for each serial number of the group of parts.  See Figure 1 to view a 
pictorial representation of this process. 
 
The program eliminates manual data entry, dramatically reduces the time to populate product 
scorecards, to review CMM inspection results, and to enter the data into reporting systems, and it 
improves the quality of the data. 
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Figure 1: CMM Data Transfer Process 
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The CMM product scorecard and inspection summary creation processes were improved such 
that the two manual processes that took hours were replaced with a single automated process that 
takes a few minutes. 
 
The product scorecard (Figure 2) calculates average, standard deviation, and yield percentage 
values for each inspection key measured in a group of parts, and a benchmark sigma value is 
provided that serves as a quality metric to help determine the disposition of the parts. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Product Scorecard 
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The inspection summary (Figure 3) displays out-of-tolerance information for a group of parts in 
an easy-to-read, convenient manner for the engineer or requesting inspection department.  Out-
of-tolerance values are listed, including high and low values if a range of measurements were 
made for an inspection key.  The data is displayed in a matrix consisting of measurement keys in 
the rows and part serial numbers in the columns.  The information is summarized for the entire 
group of parts, including the number of keys rejected for a particular serial number, the overall 
range of out-of-tolerance values and the number of rejects for a particular measurement key, the 
number of parts rejected, and the number of keys rejected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Inspection Summary 
 
 
Work funded by this project expanded the capabilities of this program so that inspection data 
files generated by Zeiss CMMs running either UMESS or UMESS-LX software, Apollo CMMs 
running either MeasureMax or Metrologic software, and the OGP measuring machine can be 
used to create product scorecards and inspection summaries.  See Figures 4 through 8. 
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Figure 4: Zeiss UMESS Data File (Page One of Many) 
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Figure 5: Zeiss UMESS-LX Data File (Page One of Many) 
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Figure 6: Apollo MeasureMax Data File (Page One of Many) 
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Figure 7: Apollo Metrologic Data File (Page One of Many) 
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Figure 8: OGP Data File (Page One of Many) 
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CMM Hardware and Software Improvements 
 
Hardware Improvements 
 
Hardware purchases totaling $17K were made with funds from this project.  A calibration sphere 
was purchased for the OGP measuring machine, and a vacuum pump was purchased to assist in 
the fixturing of foam parts for inspection.  In addition, a probe setup aid was purchased for use 
on any of several Zeiss CMMs, and a set of probe adapter plates was purchased for the Zeiss 
CARAT CMM. 
 
Software Improvements 
 
Project funds totaling $32K were used to purchase software in support of KCP’s CMM 
operation.  Calypso software (Figure 9) and upgrades were purchased for seven different Zeiss 
CMMs.  Training for a Precision Measurement CMM inspector/programmer was purchased for 
Zeiss Calypso Curve, and Planner, and Simulation software. 

 
 

 
 

Figure 9: Zeiss Calypso Software 
 
 
The Calypso Planner software (Figure 10) enables off-line programming of Zeiss CMMs using 
solid models.  Solid models of  the Zeiss CMM, fixtures, and probe setups are used with a solid 
model of one of KCP’s parts, and an inspection program can be created in a user-friendly and 
intuitive virtual environment. 
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Figure 10: Zeiss Calypso Planner Software 
 
 
The Calypso Simulation software (Figure 9) allows the programmer to test an inspection 
program in the virtual environment, so that errors are kept to a minimum and the program can be 
optimized.  These methods reduce the time required to create part inspection programs, and they 
free up CMMs to measure more parts. 
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Figure 11: Zeiss Calypso Simulation Software 
 
 

Reverse Engineering Software Evaluation 
 
Three different reverse engineering software packages were evaluated.  The Raindrop Geomagic 
Studio software package (Figure 12) was determined to have superior capabilities and an easy-
to-use interface.  $13K was allocated for labor expended in this evaluation. 
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Figure 12: Raindrop Geomagic Studio Reverse Engineering Software 
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Dimensional Metrology Standards 
 
Funded by this project, KCP personnel contributed to and influenced the development of the 
Dimensional Measuring Interface Standard (DMIS), the Dimensional Markup Language (DML), 
and the Exchange of Quality Measurement Process Plan (eQuiPP) standard.  DMIS (Figure 13) 
is a standard file format used to run coordinate measuring machines and to translate inspection 
programs from one data format to another.  DML is an emerging standard that provides a 
common method for storing measurement results.  This project funded $81K for labor, $12K for 
materials, and $12K for travel in support of this standards work. 
 
 

 
 

Figure 13: Dimensional Measuring Interface Standard (DMIS) 
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Model-Based Enterprise 
 
This project funded work for the development of Feature-Based Tolerancing (FBTol), model-
based software that analyzes piece parts for complete and unambiguous tolerance schemes 
(Figure 14), and Feature-Based Measuring (FBMeas), which generated CMM inspection 
programs and helps create intelligent inspection plans. 
 
 

 
 

Figure 14: Feature-Based Tolerancing (FBTol) 
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Off-the-shelf software, CETOL Six Sigma (Figure 15), was purchased and used for the tolerance 
stackup analysis of mechanical assemblies.  The tool allows the user to define suspected trouble 
areas in an assembly and use sophisticated algorithms to determine if potential interference 
conditions exist, and if those conditions do exist, it identifies methods to eliminate the problems.  
The product works concurrently with Pro/ENGINEER. 

 
 

 
 

Figure 15: CETOL Six Sigma 
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Precision Measurement Database 
 
A web-based application that allows tracking of CMM inspection jobs in the Precision 
Measurement department was created.  The application interfaces with an Oracle database and 
allows department personnel to record information about inspection jobs, including time spent 
programming, time spent inspecting, inspection job type, receiving and shipping dates and 
locations, and equipment used.  Figure 16 shows the system’s main menu. 

 
 

 
 

Figure 16: Job Management System: Main Menu 
 
 
The new application includes customized reports and charts that allow the user to view such 
things as cycle time (Figures 17 and 18) and average monthly estimated and actual inspection 
time (Figure 19).  This system allows inspectors and the department manager to more efficiently 
manage their inspection work and to provide more accurate and timely information to their 
customers.  This project provided $231K in funding for the labor required to develop, deploy, 
and maintain this application. 
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Figure 17: Job Management System: Cycle Time Table 
 
 

 
 

Figure 18: Job Management System: Cycle Time Chart 
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Figure 19: Job Management System: Estimated Vs. Actual Time 
 

 
Accomplishments  
 
CMM hardware and software needs were assessed, and equipment and software were purchased 
to meet those needs.  Programs were created and enhanced to automate and improve the analysis 
of the high volume of CMM inspection data.  Three different reverse engineering software 
packages were evaluated.  Funded by this project, KCP personnel contributed to and influenced 
the development of the Dimensional Measuring Interface Standard (DMIS), the Dimensional 
Markup Language (DML), and the Exchange of Quality Measurement Process Plan (eQuiPP) 
standard.  Model-based engineering capabilities were expanded through the development of 
Feature-Based Tolerancing (FBTol), a software package used for the tolerance analysis of piece 
parts, Feature-Based Measuring (FBMeas), another software package used for the creation of 
CMM inspection plans, and the purchase of CETOL, off-the-shelf software used for tolerance 
analysis of mechanical assemblies that works directly with Pro/ENGINEER.  An obsolete 
database application used to track jobs in Precision Measurement was replaced by the Inspection 
Job Management System, a web-based application with improved query and reporting 
capabilities.  
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Future Work  
 
Work remains to be done in several areas of CMM and model-based technology.  The generation 
of product scorecards and inspection summaries should be fully automated such that it happens 
in the background, with no intervention from the inspectors running the CMMs.  The inspection 
data files should be placed in a public folder that can be accessed by engineers and other 
inspection departments as needed.  Inspection data from all of the various makes of CMMs 
should be standardized, and this standardization should ultimately be in the format of the 
Dimensional Markup Language.  The CMMs in the Precision Measurement department are not 
yet networked in either the classified or unclassified environments.  When this is accomplished, 
common network directories should be created in these environments for the storage of CMM 
inspection programs and inspection results files.  Data analysis capabilities should also be 
extended to KCP suppliers with their own CMMs.  KCP’s influence and involvement with the 
various CMM-related standards should be continued.  The Inspection Job Management System 
will be discontinued with the rollout of Solumina, the replacement for the current MES system, 
and work will be required to migrate the old system’s capabilities and legacy data into the new 
system.  Work needs to be initiated to transform KCP’s dimensional metrology enterprise to an 
efficient, seamless system where product design information, CMM inspection programs, 
inspection data, and results analysis are available from an engineer’s desktop. 
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