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ABSTRACT 
 
Aim of the paper is to show practical examples for the 
definition and application of metrological, particular and 
virtual objective measurement standards (reference 
standards) in e-measurements for the solution of complex 
measurement tasks. The measurement object is a hob with 
17 characteristic measurement quantities in shape and 
position. As a result of e-measurements in a closed e-
quality loop the process capability is better than the  
machine capability. 
 
Keywords: Plain measurements, complex measurements,  
e-measurements, e-quality management.  
 
 

1. PLAIN MEASUREMENTS 
 
Plain measurement is defined as the direct or indirect 
comparison of a measurement object with a metrological 
measurement standard (reference standard). 
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Examples of plain measurements

Ruler
Metre Balance

Kilogram

Clock
Second

 
 
Figure 1  Plain measurements 

SI based metrological standards are e.g. etalons for m, kg, 
s, A, K, mol, cd. Details see in the Web Sites of 
www.ptb.de, www.bipm.org, www.nist.gov (Fig 1).  
 
 

2. COMPLEX MEASUREMENTS 
 
Complex measurement is defined as direct or indirect 
comparison of a measurement object with different 
measurement standards (reference standards) like: 

• metrological (etalons) 
• particular (material pattern, master tools, gauges) 
• virtual objective (simulation programs) 
• virtual subjective (experience). 

Complex measurements nowadays are accomplished as e-
measurements (Fig 2). 
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Example of a complex measurement

A complex measure-
ment is e.g. the mea-
surement of a hob for
the precise production
of gears.

Gear hobs are characterised by 17 different  
measurement quantities in shape and position.

The measurement quantities are stan-
dardised in DIN 3968 and DIN 8000.

 
Figure 2  Complex measurements 
 
A particular measurement standard (Fig 3) is an object-
tive material pattern intended  

•   to define,  
•   to represent material, 
•   to conserve   
•   to reproduce  
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the identification marks of an object or an event in order 
to transmit it to other measuring objects by comparison.  
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Example of a particular meas. standard

Helix slope standard

Size: d = 60 mm through 200 mm

Calibration uncertainty:
U >= 0,5 µm … 1,3 µm

Purpose: 
Correction and inspection of
gear measuring devices.

www.ptb.de

 
Figure 3  Example for a particular standard 
 
A virtual objective measurement standard (Fig 4) is a 
non-material pattern e.g. a numerical, textual or graphical 
one like a software program or a data base intended  

•  to define, 
•  to represent non-material 
•  to conserve   
•  to reproduce 

the definition signs of an object or an event in order to 
transmit it to other measuring objects by comparison. 
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Example of a virtual objective meas. standard

60-145 EFFECTIVE AND MEASURED INVOLUTE GEAR TOOTH THICKNESS
==================== VARIABLE SHEET============================================

PARALLEL AXIS GEAR
_

St Input---- Name--- Output--- Unit----- Comment-----------------------
'p axis Crossed or parallel axis? 'c or 'p=Def

10 n Number of teeth
12 pn 1/in Normal diametral pitch

n_mod 2.1166667 mm ` Normal module
20 npa deg Normal pressure angle
18 ha deg Helix angle
'L hand Hand:'L,'R,'Spur (Crossed-axis master)
1.1 face in Face width
3.0E7 E psi Modulus of Elasticity (Def=Steel)

pt 11.412678 1/in Transverse pitch
t_mod 2.225595 mm ` Transverse module
tpa 20.941896 deg Transverse pressure angle
pd .87622 in Reference pitch diameter
lead 8.47201 in Lead

Effective Tooth Thickness:
.14200 nttx in Max normal tooth thickness
.13900 ntti in Min normal tooth thickness

tttx .14931 in Max transverse tooth thickness
ttti .14615 in Min transverse tooth thickness
bha 16.8808 deg Base helix angle
db .81834 in Base diameter

8 Q AGMA Quality Number
m OK Message-Quality Number

(Input data may override ANSI/AGMA):

 
Figure 4  Example for a virtual objective standard 
 
The application of virtual objective measurement 
standards (reference standards) is increasing due to the 
fact that they are  

• functional better, 
• individual more convenient and 
• financial affordable 

in comparison with material patterns in Net-environments. 
 
 

3. E-MEASUREMENTS 
 
E-Measurement is the comparison of unknown para-
meters of a measurement object with the known 
parameters of a measurement standard using NET-

technologies for measurement value acquisition and 
measurement information processing. An example are 
hobs, which are high precise tools for manufacturing of 
gears (Fig 5 to Fig 9). 
 

 
 
Figure 5  Hobs (www.saazor.de) 
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e-Measurement Standard of a Hob

 
Figure 6  Virtual objective reference standard of a hob 
                (www.esco-aachen.de) 
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e-Measurement Device of a Hob

High-accuracy measurement
• Encoders of high resolution
• Approved high-aperture Zeiss optics
providing top-quality images
• High precision with computer-aided
accuracy CAA correction of guideway
straightness and scale errors

Varied sensors provide flexibility of probing
• High-performance, distortion-free telecentric 1x ...10x zoom 
objective
• Interchangeable objectives: 0,7x; 1x; 1,5x; 3x; 5x; 10x; 20x
• Silhouette method (backlighting)
• Epi-illumination
• Digital image analysis
• RENISHAW touch-trigger probe
• Coaxial distance sensor

 
Figure 7  Optical coordinate measurement machine 
               ACCURE with multi sensor system 
  (www.okm-jena.de)  
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e-Measuring Process of a Hob

 
 
Figure 8  Optical e-measuring processes 
   (www.okm-jena.de)  
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e-Measuring Results (Graph)

 
Figure 9  E-measuring results for a hob profile 
   (www.esco-aachen.de + www.okm-jena.de)     
 
 

4. E-QUALITY MANAGEMENT 
 
A new paradigm in e-quality management is the 
knowledge-based two step method of e-manufacturing 
and e-measurement in a closed e-quality loop with 
1st step: E-manufacturing of the tool and e-measuring of 
the unknown quality parameters. 
2nd step: E-Controlling of the machine tool with the 
known deviations of the 1st step. 
Result: The process capability is better then the machine 
capability (Fig 10 to Fig 12). 
 
The classical one dimensional understanding of real-time 
procedures should be complemented by a new three 
dimensional understanding of timeliness on demand. That 
means for manufacturing, measuring and control that the 
information concerned must be available in a standardised 
Net  

• Everytime and 
• Everywhere on 
• Every device. 

The new paradigm is discussed in www.real-time.org and 
www.microsoft.net. 

 
Figure 10  Closed quality loop with e-design, e-manufac- 
                  turing and e-measurement (www.okm-jena.de)  
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Example of e-Measurement of Hobs

CATD
Software

escoPTMx

VOMA
Software

okmOSPREY

Measuring
Device

okmACCURE

VOMS
Software

escoHAWK

tool
number

tool
geometry

correction values

measuring
results

reference
quantities

manual or automatic control
measuring
commands

measuring
values

printer

Net-archive
CATD computer-aided tool design
VOMS virtual objective measurement standard
VOMA virtual objective measurement analysis

 
Figure 11  Block diagram of complex e-measurement of 
     hobs (www.esco-aachen.de)  
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Example for e-Quality Management

&

Net-Measuring OSPREY

Net-Referencing HAWKNet-Design PTMx

Net-Device ACCURE

 
 
Figure 12  Practical realisation of  complex e-design and  
                  e-measurement of hobs  
 
New possibilities for engineered solutions increase 
quickly under the influence of the convergence of office 
and plant automation (Ethernet and Industrial Ethernet), 
wireless communication (Bluetooth, UMTS and Internet) 
and standardised operation systems (Windows XP + PC).  
PC stands for Pocket Computer. 
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5. CONCLUSIONS 
 
Quality, reliability and profit in machine building and 
precision engineering depend entirely on components 
being manufactured to dimensions or tolerances in the 
micron or even nanometric range. These ranges are 
outside of the 6 sigma range of standard machine tools in 
plant floors. The new paradigm for precision 
manufacturing is e-quality management with e-design, e-
manufacturing, e-measurement and e-control on the basis 
of ubiquitous standardised Net-technologies. The given 
example is typical for up-to-date hob production. 
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