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A Study on the Abbe Principle and Abbe Error
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Abstract

A new definition of Abbe principle “The line connecting the reference point and sensing point
should lie in the sensitive direction” is proposed in this paper. This definition is applicable for all
cases of dimensional measurements, including 1-D, 2-D and 3-D measurements, straightness and
roundness measurements, runout measurements etc. A new formula for calculating the Abbe error
in the form of § = A(/sing ), where [ is the distance between the reference point and the sensing
point, and ¢ is the Abbe angle, is given in the paper. Different cases are discussed in the paper
and the effectiveness of the new definition and the new formula is shown.
Keywords

Abbe principle, Abbe offset, Abbe angle, Abbe error, reference point, sensing point, sen-

sitive direction

INTRODUCTION

The Abbe principle is called the first principle in metrology by some scholars. The great importance
of this principle in machine tool and instrument design, in the design of the method of measurement has
been proved by the practices in a whole centry since Prof. Abbe first proposed this principle in 1890.
However with the development of science and technology the definition of the Abbe principle and the
concept of Abbe error are needed to be updated urgently. It is mainly caused by the following facts.

(1) The Abbe principle is mainly aimed at the displacement and length measurements. How-
ever, there are a lot other cases, such as straightness and roundness measurements in dimensional
metrology and manufacturing engineering.

(2) The Abbe principle is mainly aimed at one dimensional measurements. There are a lot of
new problems needed to be solved urgently with the development of 3-D metrology and manufacturing
engineering.

(3) A lot of new measures for compensating the Abbe errors were provided by the development

of modern electronics, optics and computer science.

THE CLASSICAL DEFINITION OF ABBE PRINCIPLE AND BRY-
AN’ S PROPOSAL

For the better understanding Abbe principle we start from discussion of its classical definition.
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Abbe principle says:

(1) In displacement measurement the reference should be in line with the displacement to be
measured or on its extension.

(2) In the case when the reference is not in line with the displacement to be measured but par-
allel to it the distance between these parallel lines is called Abbe offset r.

(3) In the case of complying with the Abbe principle the angular error motion of the measuring
device will cause only a second order error in measurements, which is usually negligible small. On
the opposite, when it does not comply with the Abbe principle, in which the Abbe offset r#0, an
first order error § =rA¢ will be caused. This error is called Abbe error.

The chief metrologist of Lawrence Livermore Laboratory of USA Mr. J. B. Bryan has proposed
following statements as generized Abbe principle;

(1) The displacement measuring system should be in line with the functional point whose dis-
placement is to be measured. If this is not possible, either the slideways that transfer the displace-
ment must be free of angular motion or angular motion data must be used to calculate the conse-
quences of the offset. The key point of Bryan’s this proposal is that the case, when we can com-
pensate the angular motion of the measuring device by certain hardware to make it have no angular
motion or to compensate the Abbe error by software, should be treated as complying with the Abbe
principle.

(2) The effective point of a straightness measuring system should lie along a line which is per-
pendicular to the direction of slideway travel and passes the functional point whose straightness is to
be measured.

Bryan’s proposal has made the Abbe principle applicable for both displacement and straight-
ness measurements. It is his important contribution to the Abbe principle. However, it should be
mentioned, there are also many other fields in dimensional metrology, including roundness and
runout measurements, 2-D and 3-D measurements. It is needed to set an unified definition for the

Abbe principle which will be applicable for all cases of dimensional metrology.

A PROPOSAL FOR THE NEW DEFINITION OF THE ABBE PRIN-
CIPLE

For the purpose of setting a new definition for the Abbe principle the following terms and con-
cepts are introduced.

1. Reference Point and Sensing Point

Any dimensional measurement is a comparison process of the quantity taken as reference with
the quantity to be measured. The reference might take the form of a standard part, such as
gage block, scale, straightedge or reference ball etc. or a natural reference, such as wave length
of an optical beam or a reference motion, such as standard linear motion, rotation, involute motion
or helical motion etc. To read out the reference value a reference point is needed. In Figure 1 print
A on the cross hair of reference microscope 1 might be taken as the reference point. In Figure 2a the
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