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IDENTIFICATION OF MAXIMUM INACCURACY
OF TOOLMAKERS MICROSCOPE

Urgency of the research. There are several types of measurement devices. Industrial practice needs simple, fast and
cheap measurement system for inspection of produced parts. There is a need for system like toolmakers microscope.

Target setting. Toolmakers microscope is very popular because of its simplicity, but producer often do not provide in-
formation about the errors during the measurements.

Actual scientific researches and issues analysis. Toolmakers microscope uses two methods of measurements — micro-
meter head slides in two axes XY and CCD camera for measurements of very small dimensions.

Uninvestigated parts of general matters defining. The main problem is with expressing of uncertainty of measurements
for both methods of measurements. There is no regulations and recommendation for using of both methods. The question of
the probability distribution of measured values and number of minimum required measurements are uninvestigated, because
the next research will be focused to this are.

The research objective. The aim is to obtain maximum permissible error of explored toolmakers microscope. On the base of
this the uncertainty of measurement could be expressed. Uncertainty measurement is non-separable parts of measurement results.

The statement of basic materials. Gauge length blocks have been used for calibration of both measurement systems. Maxi-
mum permissible error has been estimated as math model for next using.

Conclusions. The toolmakers microscope is suitable device for fast and cheap measurement right in industry condition.
The producer did not provide information about the accuracy of measurement on this device. Calibration process can be
used for estimation of this maximum error achieved during the measurement via using this device. Also this approach can be
used for estimation of actual condition of measuring device.
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Introduction. This work will be focused on examination of Toolmaker microscope. A de-
scribed device is optical measuring microscope for quick measuring of produced parts [1-3].
The microscope is mainly used for miniature parts or completed products. It enables fast
measurement of dimensions, angles, deviations of shape and position etc. There are two basic
groups of measuring microscopes used in engineering metrology — laboratory measuring mi-
croscope and toolmakers microscope (fig. 1). Laboratory microscope is more accurately but
also more expensive than toolmakers microscope. The overall price of measurement depends
also on price of measurement equipment. Toolmakers microscope is simpler and also cheaper
solution. This type of microscope is good alternative in the comparison with the expensive
coordinate measurement machines.

Fig. 1. Example of Laboratory measuring microscope (left)
and example of Toolmakers microscope (right)

Toolmakers microscope is simple and easy to use. Standard toolmakers microscope
(fig. 2) consists of vertical column with optical system with eyepiece and also CCD camera
can be included. There are two lights. One is placed on the bottom and one is placed above
the measured object. Measured object is placed on XY axis positioning table. The principle of
measuring is lied on the precise positioning with table and optical system. Coordinate of posi-
tion is sensed with micrometer head slide or CCD camera. If object is rotary, then rotary table
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can be placed on the XY table for this purpose. Both coordinate X and Y is measured and
evaluated for identification of measured dimension.

The main aim of this paper is to identify maximum inaccuracy of the toolmakers micro-
scope. The type and producer of the microscope is not specified because of GDPR and protec-
tion of good reputation.

Expressing of all measurement should be coupled with expressing of uncertainty of meas-
urement. Uncertainty is non-separable part of measurement result. The problem is in case,
when producer does not express inaccuracy of microscope or it is necessary to verify. Calibra-
tion process is needed for this purpose and also it is necessary periodically to inspect if micro-
scope fulfils the inaccuracy declared by producer.

Fig. 2. Basic parts of Toolmakers microscope:
A — Base; B —vertical column; C — XY position table; D — optical system; E — focusing screw;
F — micrometer head slide position in X-axis; G — micrometer head slide position in Y-axis;
H — CCD measuring camera, I — upper light; J — measured object

1. Description of examined toolmakers microscope. Tested microscope is mainly as-
signed for measurement in production hall environment. Temperature is non-stable and also
moisture can affects the properties of measurement equipment’s. Also there is a risk of noise
which can influence electrical systems. Signal from digital micrometer slide can be affected.

The tested microscope can be used for dimension measurement and also checking of gears
and threaded parts. For these purposes a cross-hair or reticle should be implemented into optical
systems, mainly into eyepiece of microscope. Reticles are used for fast checking. The checked
thread or gear is compared with pattern on glass shown in eyepiece. This fast checking can be
used for fast diagnosis of production processes and reduction of losses. For example, it shows
that production device is damaged and it needs the maintenance or adjustment.

Fig. 3. Microscope cross-hair and microscope reticle for eyepiece
The microscope also enables to measure or inspect the electrical parts or their parts, de-
fects of parts surface, which are not possible to measure with contacts methods. Printed cir-
cuits boards (PCB) are frequently checked for defects or mistakes from assembly process and
soldered completed boards. Connectors are mechanically stressed and wear can be detected
with microscope inspection.
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Maximum optical enlargement of microscope can be achieved with combination of optical

parts of microscope up to 200 times. Measured on inspected object is placed on XY position

table coupled with micrometer slides for obtaining of position of the object in measuring

plane. Micrometer slides have range 25mm and resolution 1pm. The inaccuracy of microme-
ter slides is declared with value of £0.002 mm.

1. L1
Fig. 4. Printed circuits boards’ inspection via using of microscope

Micrometer slides have also digital output for another data processing and evaluation with
external data units. Microscope also can be arranged with rotary table with swivel centre for
measuring of shafts and threads.

Microscope includes bottom and up LED lights with adjustable intensity of light. In ac-
cordance with used light, measurement methods can be divided into these types:

- Measurement via using of transmitted illumination also called as “shadow method”,
where only bottom light is used. If part is non-transparent, shadow of part is visible in eye-
piece and all measurements can be realised only on this shadow.

- Measurement via using of reflected illumination also called as ‘“surface projection
method”, where up light is used for lighten of measured part.

In some special cases also combination of both these lights is necessary for obtaining of
best measurement results.

Mechanical adapter enables to mount the CCD measuring camera with digital output. The
provided software enables to measure dimensions, angles, radiuses, diameters etc. The camera
provides images or video, where can be saved also moving processes. This system can be
used for detection of failure in inspected system. The microscope optical system consists of
lenses, optical prisms, mirrors and final visualization is made with CCD camera with any re-
solution defined in pixels. From the viewpoint of data reading, the microscope enables mea-
suring via using of these methods:

- Measuring with CCD camera, where measurement result is number of image pixels and af-
ter calibration it is possible to assign concrete length unit to concrete number of pixels. Measure-
ment can be realized with PC mouse by clicking to desired points on image of part. Range of
measurement is limited with maximum dimension, which can be displayed on monitor.

Fig. 5. Measurement by using the CCD camera
- Measurement with micrometric head slides and rotation table, where microscope cross-
hair is used for localization of required points on part image shown on display screen. The

actual position is obtained from both micrometer heads mounted on slide of XY table. Angle
value can be obtained from grade on rotation table placed on XY table.
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Calibration is needful for both measurement methods. Calibration results give recommenda-
tion for using of both measurement systems. Which method is better for which range of lengths.

Fig. 6. Example of XY table with micrometer heads

2. Calibration of optical toolmakers microscope. The calibration process needs any
suitable etalons. Microscope micrometer calibration ruler and calibration slide are frequently
used in practice, because of simple using and manipulation with them. These etalons consist
of length grades, lines with defined width, raster with defined spacing, circles with specified
diameter, angles with specified value etc.
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Fig. 7. Calibration ruler and MultiScale Micrometer Glass Slide for Microscope

However engineering metrology is based on calibration where standard is as Set of length
gauge blocks. It consist of several blocks made with specified length with defined inaccuracy.
Blocks are made from steel or ceramic. These etalons are following up with other superior
etalons and there is available certificate about inaccuracy and uncertainty. In accordance with
international standards (EALR-R2, ISO 3650), it is possible to use them for calibration of
other measurement length devices.

Set of ceramic length gauge blocks have been used for calibration of optical toolmaker
microscope. The calibration has been executed with gauges with nominal length in range from
Imm to 25mm with step 1mm.

o

Fig. 8. Length gauge blocks

Normally, calibration ruler is used for calibration of microscope, but in this work the set of
gauge blocks has been used for this purpose as traditional etalon for engineering metrology.

CCD camera method has been calibrated in range from 1 mm to 6 mm and the maximum
error was 29um. Graph of measured values (fig. 9 left) shows growing tendency of measured
error from gauge blocks. Reason of these results is probably low resolution of CCD camera
system, which was only 0.01 mm. In this moment it is not possible to improve it.
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Analogically, the micrometer head slide method has been calibrated with the same set of
gauge blocks in range from 1 mm to 25 mm with step 1 mm. Obtained errors (fig. 9 right)
have also growing character. The maximum error was 11um. Mentioned calibrations have
been executed only for X-axis and it is assumed that Y-axis will be similar. Resolution of mi-
crometer head is 0.001 mm and it causes the better results than previous method. These re-
sults show that CCD camera is useful for dimension range up to 3 mm and for larger distances
is better to use micrometer heads system.
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Fig. 9. Calibration of CCD camera measurement method (left)
and Calibration of micrometer head measurement method (right)

Error in measurements was also affected by the focusing and identification of searched edge
or point on inspected part. This phenomenon is very influenced by the experience of operator. The
edge or point detection is the basic principle of the measurement on microscope. The operator has
to know detailed information about the dimensional and shape topology of inspected part.
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Fig. 10. Maximum permissible error MPE for micrometer head measurement method

The micrometer heads measurements can be assumed for better results obtaining. In ac-
cordance with standard ISO 10360 it is possible to use approach for evaluation of maximum
permissible error — MPE. MPE describes maximum error which can occurs during the meas-
urement using the equipment. For our microscope MPE is two line, which are borders of our
obtained errors from calibration process. Normally it is described with linear model MPE =
A + L/B, where 4 and B are constants of line equations (from fig. 10) and L is measured dis-
tance (in mm). After approximation and math correction it is possible to obtain math model of
maximum permissible error MPE=5+L/2.5.

Conclusion. In practice the frequently used devices are coordinate measuring machines
CMM and computer tomography scanners, but measurement on these devices are very precise
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and also very expensive. These expensive devices need large place and need the air-
conditioned room with special computer and software. Operating costs cannot be neglected.

Production practice frequently needs less precision but cheaper and fast measurements.
The toolmakers microscope is suitable device for fast and cheap measurement right in
industry condition. The producer did not provide information about the accuracy of
measurement on this device. Calibration process can be used for estimation of this maximum
error achieved during the measurement via using this device. This information is necessary
for uncertainty balance, because every measurement results also include information about
uncertainty of measurement.

The inspected part is produced on the base of technical drawing with specified tolerances
which are as input requirements for measurements. This information is necessary for selection
of measurement device. Operator for checking of the part often select CMM machine without
adequate reasons and measurements is very expensive. All these aspects about the
measurements and uncertainties have to be taken into consideration with inspection tasks
during the production process [4-16].
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BU3HAYEHHS MAKCUMAJIbHOI HOXUBKH
IHCTPYMEHTAJIBHOI'O MIKPOCKOIIA

Axmyanvnicmes memu oocnioxncenus. Icnye xinoka muni sumiprosanvhux npunadis. [lpomucnosa npaxmuxa nompebye
npocmoi, weuokoi ma deuiegoi cucmemu GUMIPIOBANHSA Ol KOHMPOTIO 8UeOMoGIeHux Oemarneu. Icnye nompeba é cucmemi,
nooibHill iHCMPYMeHMAaNbHOMY MIKPOCKONY.

Ilocmanogxa npoonemu. IncmpymenmanvHull MikpOCKON KOPUCHYEMbCA 8EIUKOIO0 NONYIAPHICMIO Yepe3 1020 NPOCmo-
my, ane 8UPOOHUK HACMO He HAOAE THhopMmayito npo NOXUOKU, AKI GUHUKAIOMb NPU GUMIDIOGAHHI.

Ananiz ocmannix oocnioscens i nybnikayiil. IncmpymenmansHuii MiKpOCKOn GUKOPUCOBYE 084 CHOCODU BUMIPIOBANL — MiK-
pomempuuny 20106KY, KA hepemiufyemuvcs 8006oic oceti XY ma CCD-kamepy 0 6UMIpIosas 0yoice Manux po3mMipHUX 6eTUtUH.

Buoinenns nedocniocenux uacmun 3azanvhoi npoonemu. Ocrogra npobnema nonseac y UpadiceHHi HegU3HaAUeHoCmi
BUMIPIOBAHD 01151 060X Memo0ig aumipiogans. Hemae dicoonux npasun ma pexomenoayili w000 8UKOPUCmanis 060X Memoois.
Tlumanns timosipnocmi po3noodiny GUMIpPIOGAHUX 3HAYEHbL MA KITbKOCMI MIHIMAIbHO HeOOXIOHUX 8UMIPIOBAHb He 00Cnioice-
HO, MOMYy HacmynHi 00CniodcenHs: 6y0ymyb 30cepeddiceti came Ha YbOMY.

Ilocmanogxa 3asdanns. Memoio € gusHauenHs MaKCUMAaIbHO OONYCMUMOL ROXUOKU 00CTIOAHCYBAHO20 IHCMPYMEHMANb-
Ho2o Mmikpockona. Ha ocnosi yvoco modwce 6ymu npedcmasnena HegusHaueHicmv umipioganms. Hesusnauenicmo
BUMIPIOBAHNA — Ye HeBI0 €EMHA YacmuHa pe3yn1bmamis GUMIpIo8ans.

Buknao ocnosenozo mamepiany. Kanibposani mipu 0oescunu Oynu guxopucmani 0 KaniopyeanHs 060X UMIPIOBATbHUX
cucmem. Maxcumansho donycmuma noxuoka 6yna 6UsHa4eHa K MamemMamuya Mooens Oiis ROOANbUL020 BUKOPUCTAHHSL.

Bucnogxu 6ionogiono oo cmammi. Incmpymenmanvruii Mikpockon — ye nioxooswuli npucmpiil 015 WeUoKo20 ma oe-
uiego2o UMIpIogantsa be3nocepeonbo 8 ymosax eupodbruymesa. Bupoonux ne naoas ingpopmayito npo mounicme sumipiogans
Ha yvomy npucmpoi. Ilpoyec kanibpyganHs ModCHA BUKOPUCTOBYBAMU Ol OYIHKU MAKCUMATLHOI NOXUOKU, IKA 00CA2aEmb-
€51 N0 Yac UMIPIOBAHHS 34 OONOMO20I0 3anpPononogano2o npucmporo. Taxkooic yeil nioxio moodice 6ymu gukopucmaHnuii 01
OYiHKU Oil0HU020 CIAHY BUMIPIOBATLHO20 HPUNADY.

Knrouoei cnosa: onmuunuii Mikpockon, 6i0Cmans, UMIPIOBAHHS, HEGU3HAUEHICMb, KATIOpU.
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