EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Use of the method of progressive means in the analysis of
errors in a line standard measurement

Citation for published version (APA):

Schellekens, P. H. J., & Amaradasa, A. A. (1971). Use of the method of progressive means in the analysis of
errors in a line standard measurement. (TH Eindhoven. Afd. Werktuigbouwkunde, Laboratorium voor
mechanische technologie en werkplaatstechniek : WT rapporten; Vol. WT0273). Technische Hogeschool
Eindhoven.

Document status and date:
Published: 01/01/1971

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://research.tue.nl/en/publications/ccd7e879-4d46-48c6-8492-af7b9396c0a8

technische hogeschool sindhveven
laberatorium voor mechanische techmologie en werkploatstechniek

blz. 7 vaa 15 biz,

rapport nr. 02 73

-

rapport van de sectie: Laboratorium voor Lengtemeting
codering:
titel:
USE OF THE METHOD OF PROGRESSIVE MEANS IN THE M8 A
ANALYSIS OF ERRORS IN A LINE STANDARD MEASUREMENT
auteur(s): P.H.J. Schellekens trefwoord:
A.A. Amaradasa
streep—
standaarden
sectieleider: Drs. J. Koning
hoogieraar: Prof.dr. P.C. Veenstra
samenvatting
This investigation deals with an analysis of errors
that are present in a line standard which was con-
structed using a similar parent standard. Some of
these errors have been estimated in a previous work
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THE USE OF THE METHOD OF PROGRESSIVE MEANS IN THE ANALYSIS OF ERRORS
IN A LINE STANDARD MEASUREMENT.

1. Introduction

1.1. 1In precise engineering metrological work lengths have to be measured
very accurately and for this purpose very accurate measuring instruments
have to be used. A class of these instruments depend solely on line stan-
dards for their manufacture and calibration. Thus it is obvious that the
line standard itself must have a high degree of accuracy.

A line standard can be made by suitably engraving lines on a spe-
cially prepared steel surface. By calibrating this line standard using
appropriate means and knowing the errors in each of the lines, 1t is
possible to produce a second line standard with a greater accuracy.

This report deals with an analysis of the various errors which are
present in such a line standard, produced from a parent standard.

The construction of the line standard in question and the measure-
ments on it had been performed at the metrological laboratories of the
Technische Hogeschool Eindhoven, and reference is made to the report of
P.H.J. Schellekens and E.A. Khokar - 'Analysis of Errors in a Line
Standard Measurement' - (WI ~ Rappovt No. 0226)., in this respect.

1.2. The primary objective of the present investigation was to estimate
the magnitude of the error imparted to the line standard by the engra-
ving system of the dividing machine, during its construction.

A knowledge of this magnitude is important and also useful for the

later comstruction of more accurate line standards.

2. Brief description of the procedure

2.1. The parent line standard was measured by a laser interferometer (for
details, refer the above mentioned report). A set of measurements con-
sisting of a forward movement and a backward movement of the scale, was
performed on each line, the measurement on any line giving the distance
of this line from the zero line of the scale. Thus two values were ob-
tained for each line. The arithmetic mean of these values was calcula-
ted for each line, and the errcr in each of the lines, i.e. the diffe-

rence between the observed mean value and the nominal mm reading, was
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obtained.
2.2. These errors were made use of to make a correcting tape for the
dividing machine, which engraved lines on the new standard.

2.3. Principle of the dividing machine - Fig.l gives a schematic dia-

gram of the dividing machine.

2.4, Construction of the new line standard. By means of the photoelec-

tric-microscope and the servo-system, the parent line standard is adjus-
ted for each line on the scale. Each time the scale moves through the
distance between two consecutive lines on it, a motion is imparted to
the new line standard to be made and the engraving system of the divi-
ding machine engraves a line on it. Each line on the new scale is thus
drawn after the systematic error in the corresponding line of the parent
standard has been corrected for.

2.5. The new line standard so constructed was measured using the laser
interferometer, as described in the report mentioned in section l. Two
sets of observations each consisting of a measurement in a forward di-
rection and in a backward direction have been made on each line. Thus,
in all 4 values were obtained for each line. The mean of these 4 values
was used to calculate the error in each of the lines of the new standard.

These errors were plotted on a graph (cf. Computer Programme RA-
2980-24). A portion of this graph is shown in Appendix %

2.6. Some of the errors built in this new line standard have been esti-
mated in the above-mentioned report. The present investigation took into
account these estimates and went a step further in analysing some of the
remaining errors. The primary objective of estimating the imprecision of
the engraving system of the dividing machine, has been achieved, in the
present work.

2.7. Approach - A plot of the errors in the new line standard (Graph I,
Appendix 1, page 9 ) consists of a very large number of sharp mavericks.
For all practical purposes, it was suggested that a somewhat modified
curve drawn from this graph, but yet showing the same features as those
found in it, could be used in its place, the criterion of the modified
curve being that it should depict, more or less, the same features of
the original graph.

2.7.1. To get a reasonably good modified curve, four graphs were drawn
tentatively by making use of the progressive means. (This method is de-

scribed in Appendix 2

workplaatstechniek technische hogescheool eindhoven
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The graphs were drawn by taking the progressive means of 7, 11, 21 and

51 points respectively of the original graph (cf. Computer Programme

Portions of these graphs a, b, ¢, d are shown in Appendix 3, page //
The graphs (a) and (b) drawn by taking the progressive means of

7 and 11 peoints respectively, show sufficiently well, the features in

the original graph.

The graphs (c) and (d) do not show these features to the same extent.

2.7.2. At this stage another improvement was effected in the case of the
graphs (a) and (b). Two new graphs (a') and (b') were generated by ta-
king the progressive means of 3 and 5 points respectively from graphs
(a) and (b). Portions of these graphs are shown in Appendix &, page \2
These graphs (a'), (b') resembled their original graphs (a), (b) and
at the same time were smoother than the original ones. So it was inten-
ded to choose the more preferable graph out of (a') and (b') to proceed
with the investigation.

2.7.3. To see how closely these two graphs resembled the original graph
giving errors, the differences in the ordinates were calculated as in-
dicated below and two new graphs (e) and (f) were plotted. (cf. Computer
Programme RA-3495) (APPENDIX § page i3)

For both (e) and (f) the difference z; is given by:

where y; = ordinate of error at point i of original graph I and
Yi
2.7.4., Evaluation. An examination of graphs (e) and (f) reveal that the

ordinate at same point 1 of graphs (a') or (b').

differences z, are of a random nature. The variances in the two cases
were calculated (cf. Computer Programme RA-3899) and found to agree very
closely.

A number of points taken from each of the graphs when plotted on
probability paper gave straight lines, showing that the points belong
to a Gaussian distribution (Appendix 6, page /4 )

This analysis eliminates, in effect, the influence of the syste-
matic errors present. Thus, it is possible to calculate the total impre-

cision of the measurement due to random errors only.

werkplaatstechniok technische hogeschool sindhoven
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— 2.7.4.1. The random errors that are known to influence the measurement are

those present in:

(1) the correcting tape;
u (1i) the microscope and servo—system;
(ii1) measurements of the new line standard;
(iv)  the engraving system of the dividing machine.
A knowledge of the three imprecisions due to (i), (ii) and (iii) makes
B it possible to estimate the imprecision of the engraving system.
3. Summary
- The technique of using progressive means is seen to provide a con-
venient means of extracting information from a complicated graph as the
one dealt with in this report (Graph I). In this particular case, the
L influence of the systematic errors could be eliminated by this method
and it was possible to compute the random error of the dividing machine.
This value has been estimated in Section 5.
T 4. Investigation and Analysis of Data
4.1. Sources of Error B B
4.1.1, Random errors in the dividing procedure
— (i)  Random errors of the correcting tape, with & standard devia-
tion Ot (these include the random errcors present in the
measurements of the parent line standard).
| A value of 8] nm has been obtained for Oy in the earlier
work. Taking into account the pair of measurements for each
line, the ¢ ) for the mean of the two readings was calcu-
N lated as ~%§ nm.
(ii) Random errors of the microscope and servo-system, with a stan-
dard deviation O
This value has been estimated from the relation
— 02 - 02 . 02
M m C.S
where o = standard deviation of random errors of microscope
and servo-system.
— oo.s = gtandard deviation of random errors of the optical
system.

A value of 60 nm has been obtained for g previously.

werkplaetstechniek techmische hogeschool eindhoven
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(iii) Random errors of the dividing system, with a standard devia-
tion o,.
d

4.1.2. Errors in the measurement

(i) Random errors in measurement of the new line standard, with
a standard deviation o .
n.l.s

This quantity has been estimated in the earlier work and the
value is 40.5 nm. (1.5)

4.2, Systematic errors - Systematic errors were eliminated from the

measurements as far as possible by carefully controlling the conditions
of the experiment. But, however, it is surmised that the shape of the
surface of the line standard could have influenced the measurements
systematically, in particular, as this factor was uncontrollable (see

concluding remarks) .

5. Estimation of the results

The standard deviation of the differences z, gives the total
random variation .
OTot

As two nearly equal standard deviations were obtained for the dif-
ferences in the two cases (graphs (a'),(b')), the best estimate of the

variances could be arrived at by pooling these variances

2 2
2 cl(nl—l) + oz(nz—l)

1 + n, - 2

Tot n

. = nm.
S Oror 109

Using the above notation, since the 0; are all independent, OTot

can be expressed as:

O2 - 02 + 02 . 2 + c2
Tot c.t m n.l.s d
2 2 _ 2 2 2
o 0d B OTot (oc.t * Om * On.l.s)
faa1 2
= 109% - ‘M%‘ + 60% + (40.5)°
o Od = 58 nm

workploatstechnisk technische hogeschool eindhoven
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CONCLUDING REMARKS

The analysis give a value of 58 nm for the imprecision of the

engraving system of the dividing machine.

The investigation into the influence of the systematic effects was

started , but could not be finished for want of time. In this respect

altitude measurements of surface of the line standard were made in

order to see a possible correlation between the shape of the surface

and the systematic errors in the original graph.

The modified curve (b') was chosen to represent the errors best,

and with this as the starting point another curve was obtained for the

differences zi as follows:

z, = (xi—x) - r(yi-y)
Lix; x|

where r = —=— , a scaling factor.
Zlyi—y%

In these, x's refer to the ordinates of the modified curve (b') and

y's refer to the ordinates of the shape of the surface curve.

The curves x. . z.
i* Vi i

drawn to the same scale are shown in Appendix 7

{ pag«iS)

It is intended to perform Fourier Analysis on the differences zs

curve and it is expected that this treatment will lead to the detection

and consequent estimation of any systematic influence of the shape of

the surface over the measurements of the line standard.
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APPENDIX - &

A-1. Calculation of progressive means.
(a) The progressive means of 7 points were calculated as follows:

Let the first 7 points of the line standard denoted by i =0, 1,...6

have errors xX., X., ... X etc.
0’ 1 6
_ xo + xl + ... F x6

Then the Ist mean X, = 7 , the mean occurring
at the line n = 3,

The 2nd mean for the 7 pts n=1, 2, ... 7

. 3 + X, + el Xy

and the second mean X, = 7 » the mean occurring at

the line n = 4.
The curve of progressive means was drawn using the values Xps X

etc. The same method was used for drawing the other three graphs.

werkplootstechsiok technische hogeschool eindhoven
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