Tolerance Calculator:
A Freeware Metrology Tool
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Tolerance Calculator is @ Windows™ compatible software program that calculates the tolerances for test
valwes on equipment specifications, test uncertainty ratios (TURs), reverse TURs, acowmulated
uncertainties, consumer’s and producer’s risk — and it's FREEWARE! The author developed the program
originally for department use at Compag Computer Corporefion, but has received permission from the

campany to distribute it as freeware.

Tolerance Caleulalor 15 a Freeware, Windows™ com-
patible software program that performs calculations on
equipment specifications to produce two-sided tolerances
— the acceptable plus and minus variance around a nomi-
nal test value. Using the program reduces computation
errors and the confusion associated with equipment
speemanship. Equipment specifications comprised of dif-
ferent tolerance components such as percent of reading.
ppm of range, least significant digits (LSDs), and nisse
floor are easily manipulated to provide bottom line crite-
ria for evaluating equipment performance, Tolerance com-
ponents normally associated with mechanical / physical
equipment such as percent hysteresis and percent span
are also included in the Tolerance Calculator's specifica-
tion vocabulary

Tolerance Calculator also performs metrology related
computations such as test uncerfainty ratios (TURs), re-
verse TURs, accumulated uncertainties, consumer's and
producer's risk, as well as providing help files of techni-
cal references. Tolerance Caleulator is a valuable tool in
the following applications:

s Formulating equipment specifications

*Lreating calibration data sheets and providing means
for recording, evaluating and archiving calibration re-
sults

*[Performing "what il calibration scenarios

*Determining equipment calibration suitability based on
ACCUracy requirements

*Providing an independent means for validating toler-
ance computations of automated calibration systems

* Performing unit conversions and percentage-based cal-
culations
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The idea for Tolerance Calculator sprang from an ad-
vertisernent | read in a quality magazine. The ad was for
a dedicated, statistical process control (SPC) type
handheld calculator. At the time 1 was heavily invalved
in creating, proofing and autherizing equipment calibra-
tion data sheets, It was apparent from those endeavors
that the Ie-a-.iln3 cause for errors associated with calibra-
tion data sheets was interpreting manufacturer’s specifi-
cations and then using those specifications 1o create twio-
sided tolerances, Computations involving resolution type
tolerance components such az count, digits, and floor were
the most troublesome, This was especially true when reso-
lution tolerance components were combined with mea-
sured andSor range tolerance COmponents in a s.j:nﬁh-
SP-EL"Jf:iL'..'lI::iLm.

The methodology for deriving two-sided tolerances
typically involved keying in nominal values and then se-
quencing a handheld calculator’s applicable math func-
tions until all tolerance components were satisfied. Com-
puted two-sided tolerances were then manually entered
into a data sheet software program. This process is cum-
bersome, time consuming, and eeror prone. Since 3 dedi-
cated, handheld tolerance caleulator was not commer-
cially available, a software tool was considered a viable
alternative; thus the Tolerance Calculator became an “as-
time-permitted / lunch-time” project.

It was decided at the onset that a total uncerdainty analy-
sis of a measurement process per the requirements of the
then, recently released, 190/ TAC 4/ WG 3 June 1992 Guide
To The Expression OF Uncertainty In Matiarements was be-
vond the scope of the Tolerance Calculator. Tnstead, Tel-
erance Caleulator would focus on equipment specifica-
tioms to facilitate the creation of calibration data sheets. It
was further decided that it would be Windows based,
provide results formats for use with other software pro-
prams, use manufacturer tolerance nomenclature, provide

H)



Torerasce Cancuraros; A Frepware Mereoiocy TooL

T reanr & Cwmndan Hswe 2B

taeciora 08 | Comittmecions | femcMiBeaTeos | fiTd Caciss |
F Header infc. Tala Type Soecied - Fadquinl] M GH_slaras el - G ¥ake]
= Muminal Humiral Ve - Resaaed M H_Fies Mo = Giasfaed Vsl
= i [Hrwrerssd (s | [ Tod_So_Mom  [1dewas a5 ol Horesd
= Tolerance I gl e T e b} MGl _so_Mom  Geslbeed e b of awnd]
F Vol Mues PHiareresd pha T iieiaras it ™ Fangs F5 [Mange o Mores|
= Mo s Tolsiancs Vb ™ Faia_Cossts  (Heodkdon @ Bawnal|
[ =1 Aanmes) Pt I 1wl Viillwi [T Tpimemncs ¥ s
™ P_RIEK Preces Fik | I 1zl Typn 118 Tdeemne 1,58
mTun Ml Urdadtasndys Ryt TUR| ™ #nd Yalus (el T et ks |
M Fiag Uncest  Arasnsy moessd o sbsded TURL T 2nd Type [vdfl T el Topal
™ Ciand W afatere s L] ™ 3d Vakad (] Tk arm sk
[ | Ml by e [y Toim wrn ™ 3rd Typa [ Trobewrree Toppen |
rae Gusdand Paeenisgm Thecad] ™ 4th Vakes [4th Tolerares Vabsa|
QB Valus Lol infeed Goswrlbars! Vel ™ 4th Types [ith Tolmrares T'pma)
Ther ey Lhwagers are dita hp ey ol | sdeced. me ceaplabile b Probng & Smang 0o
Flen [l el Bpuin snd ol plssiand o aimder] Bl nedid ciadn Bypsich moine B chean e o Toain Typsa'
BliCalCINATIONS APY GIVEN AEFERERCED T0 MOGMEYA] (IKST DEGIGHS TOR|.0

Figure 1. Tularan::a Cakculalor data type EBlaction scrasn.

data entry validation prior to compa-
tations and be user friendly,

Since its original release for inter-
nal use at Compag Compulers, Tol-
erance Calculator has been through
foaee revisions and has been disteib-
uted For external use as a Freewans,
puhl'ir: domain pProgram.

Using Tolerance Calculator

Tolerance Calculator’s compressed
Files {revision 3,00 fit on ome 3.57, high
density disk and uses 838 Ebytes, It
i5 imstalled by running SETUREXE
From Windows (3.1 or higher revisaont,
The setup program uncompresses
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files amd copies them to the Toleald
[default) direckory automatically cre-
ated |:l_'g.I thi setup program and o the
Windows/System directory. An
uncom-pressed Keadme. txt file is in-
cluded on the setup disk to assist with
installation,

It is recommended after installing
Toderance Caloulator that three subdl-
rectories be manually created from its
AL |J.i.|.‘-|!r."h'|:r_'!.': TOL (for ;m:h'itring
caloulated tolerance results), OVE (for
archiving data sheel overlays) and
MEA (for archiving completed data
shestsl.

When opened, Tolerance Calcula-
tor displays an identification screen
and then the Data Type screen (fig-
ure 1), This mem screen allows users
to select the types of data that will be
transferred to Windows Notepad® or
Windows Writed® and the save fune-
L.

The main screen (figure 2) is di-
vided into four sections: data entry,
statistics, display controls and com-
Pul-l‘.'d results, UUT information is
eflered in the data entry section,

LIUT nominals, mnges, resolutions
and tolerance values may be keyed in
using a maximum of 11 characters
(OO b 9999 9999949} or selected
from scroll down listings activated by
clicking on arrow boxes adjacent to
data entry fields, ULUT unit designa-
tors from tera to paco (+12 to 12 ex-
ponent) for associated nominal, range
and resolution values are available
from serodl down |:i5:l:i|155. UUT momi-
nal units may alse be selected from a
scroll down listing or entered directly
imaximum of 3 characters), The “@*
data entry field is a general text Geld
with a maximum length of 8 charac-
birrs.

An explanation of the mathemati-
cal models ugsed for each toletance
type may be found in Tolerance
Calculator's on-line Operator’s
Manual. After completing all appli-
cable data entry ftelds, clicking the
Calculate command button or press-
ing F? will compute UUT tolerance
and statistical values.

Tolerance computed results are
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Figure 3. Linaar line glat,

given relative to the nominal's wnit
designator e.g. 0.01% of 10 M would
yield 0.001 M result. Computed re-
sults are displayed in the two spread-
sheels at the bottom of the screen. The
format of computed results can be
customized using the Format com-
mand button and Clip, Copy, Delete,

W ) ol Gy e W -ul.l-lu.uu.ll

"Liw-Mes | tLie Sewfi | "Line  baan s Beal|

Pl

L B g e L Py

Edit and Insert commands

The UUT statistical arca 15 com-
prised of data fields for tolerance
combination, confidence level, TUR
and percent guardband. The toler-
ance combination data field deter-
mmines how tolerance components are
combined, either algebraically (worst
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rasel or rool sum square (RSS). The
confidence level data field represents
the percentage of the area of the nor-
mal curve that lies above the confi-
dence interval, Confidence levels
ranging from 64.27% (1 ab to 90.73%
13 o) are used in determining con-
suvner s and producer’s risk.

Consumer's and producer’s risks
for specifle confidence level and TUR
combinations are derived from for-
mulas presented ina paper tithed How
To Maintiin Your Confidence Lit ¢ World
of Declining Test Uncerlainfy Rativs
given by David Deaver of Fluke Cor-
poration at the National Conference
of Standards Laboratories (MOSL)
1993 Workshop and Symposium.

By changing contidence levels amd
TURs, different calibration scenarios
can be evaluated, such ag when a stan-
dard does not meet a 4:1 TUR bt is
at a better than 2 o confidence level.
The TUR data ficld can also be used
for eomputing required uncertainties
used in delermining consumer's and
producer’s risk, TUR selections range
from a ratio of 1:1 to 1L The per-
cent guardband data field is a percent-
age, ranging from 1'% 0 99%, used in
computing all guardband data. De-
faults for UUT statistical entries are
algebraic, 2 sigma, 4:1 and 705,

Oince olerance computations have
heen performed, resulls can be plot-
ted, printed, saved o a file, used in
determining accumulated uncertatn-
ties and reverse TURs or transferred
o the data sheet module of the Toler-
ance Calculator, Computations may
be checked using the Windows Cal-
culator command button.

Plotting computed results reguires
at least two result iterations. fny
groupang of beo or more sequentially
compuled results may be plottad.
Line plots of tolerance values and tol-
erances as percentages of nominals
can be displayed in linear and loga-
rithmic fashion {figures 3 and 4.}

In addition. linear plats may be
viewed in area, 200 bar, 30 bar and
scatter formats, Linear line and seat-
ber plots can display mean, best fit and
atandard deviation statistical lines.
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Figure 5. Tolerance componemns pie phot,

Linear line plots can also display plot values by right
mouse clicking in sequence: the XY origin, end of the ¥
axes Ivertical)l, end of X axiz (horizontal); and then left
mouse clicking any polot on the plot. Two or more tober-
ance components can be plotted as percentages using a
pie type format (figure 5k AL plots may be clipped to Win-
dows Clipbeard for use kn cut and paste activities, as well
a5 printed. Pletting statistics are displayed for minimum,
maximum and mean plot values. A smapshob listing of all
plot values is displayed via the Snapshot command but-
o,

Computed results can be saved using the default for-
mal or cusbom formatted for use with other software P
grams e.g, spreadshest, databases Files are saved as ASC)
text, The actual data transferred bo a file is dependent on
the: data types selected from the data type screen. The “Tol.
Save” format used by the Tolerance Calculator saves com-
puted results, row by row, using a comma data separator.
Custom formats can save computed results in o row by
row or column by column format using one of the follow-
tmg data separators: comma, space, carriage return, line
feed, carriage return and line feed, colon, semicolon or no
data separator.

A useful technique for saving computed results for later
retrieval by the Tolerance Caleulator, is to save individual
equipment parameters to separate files eg. DO voltage,
ACvoltage, DC current. The Results Append function can
be used to combine these separate files into a single file.

The Tolerance Caleulator uses Windows' bwo buili-in
word processors, Molepad and Write {(Writepad in Win-
dows #3531, for printing computed results, From the word
Processor’s environments, computed resulis may he for-
matted for a specific application and then saved to a file.
O particular note is Write's ability to accept graphic ob-
fects which allows clipped plots to be pasted in it

Computed uncertaintics may be evaluated using the
Tolerance Caleulator’s accumulative uncertainty and re-
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virse TUR functions. The accumulative uncertainty func-
tion allows individual uncertainties components compris-
ing a measurement system or process to be combined into
a :-'d:rIELP LLI"II.‘!“!I:'LE:iI'I.".‘_'f'. Any grouping of two or more seqLuern-
tially computed uncertainties may be evaluated with this
function. Individual uncertainty components may be
combined either algebraically (worst case} or root sum
sijuare (R55). The total accumulative uncertainty is com-
puted and displayed as a percentage and ppm.

The Reverse TUR function is used for comparing equip-
mient uncertainties. This furction is particulasly useful for
verifying stated TURs on certificates of calibration and
for determining equipment suitability for use as calibra-
tion sfandards, Any compuled uncertainty may be evalu-
ated to any other computed uncertainty regardless of it-
eration sequence. Accumulative uncertainty and reverse
TUR results can be transferred to Write or Motepad,

The datasheet module uses computed results o docu-
ment actual calibrations. Clicking the Datasheet command
bulton transfers computed results 1o the datasheet
module’s spreadsheets. The top spreadsheet displays nu-
merical information while the bottom contains descrip-
tive information (both spreadsheets are synchronized with
each other for viewing purposes). The clip function can
be used to transfer portions of a spreadsheet to the Win-
dows Clipboard. The add fedit function allows editing of
computed results as well as ereating and adding toler-
ance types,

The datasheet module’s header data entry fields are
based on section 13.2 requirements of IS0/ TEC Guide 25
(Rev. 3, 1990) General Requirements for the Competence of
Culibralivi and Testing Laboralories and ANSL/MNOSL 2540-
1-1994, Calibration Laboratories and Measuring and Test
Eguipment - Gemeral Requirements, Onee applicable header
information has been completed and any additional tol-
erances and Sor comments added, they can be saved as
an overlay file for future use. Overlay files can be teans-
ferred to Write or Motepad and printed.

Calibration results may also be entered directly into a
overlay file and then saved as a measurement file, pro-
viding documentation of a UUT s calibration. Entered cali-
bration results for operator and single side band evalua-
tions are computed on a pass/fail criteria, while entered
calibration results for two-sided olerances tvpes are com-
puted as percent of tolerance and percent of change (for a
mominal of zero, the actual offset from zero is calculated)
Computed percent of tolerance and percent of change re-
sults can be plotted, Using the clip function to paste a per-
cent of tolerance plot inko & Windows Write measurement
file greatly assists in identifying out of telerance condi-
tions (figure 6.)

Technical References Files

Tolerance Calculator also incorporates ancillary func-
tions which provide general technical references, unit

Juir = Avoust 1996 &AL LA
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Figure 6. Completed datasheet with three dimensional plat.

conversions and percentage calculations. The technical
reference and unit conversion functions are accessed us-
img the Info command button. The technical reference sec-
tion provides information under the following topics:

=International System of Units (S1) Base Units
=5 Supplemental Base Units

*5] Derived Units & Units to 51 values

#5] Multiplication Factors

* Phiysical Constants Tabbe

*Popular Fixed Points (ITS 900)

Technical reference topics may be transferred to Write
or Motepad for viewing, printing or saving to a file. Sec
tions may becutand pasted directly into Windows' buils-
in calculator for use as numeric data. The unit conver-
slon function provides forward and reverse converslons
uging 51 units.

Percentage calcwlations can be perfosmed using the Mer-
cent command button to obtain the following computa-
lioms:

* Miasured value as a percentage relative to the nominal
value

* Measured values asa percentage change from the nomi-
mal value

* Measured value percentage of the nominal value e,
percent of tatal

Computed results may be transferred to Write and
Notepad or cut and pasted into other applications,

m Juy = Ancust 1996

Obtaining Tolerance Caleulator

A copy of Tolerance Caloulator can be obtained free of
charge from Morfox Software, Inc. Norfox is providing
distribution of the Tolerance Caloulator a5 a public ser-
VICe [0 the measurement. metrology community. ﬁcupj'
can also be downloaded from the Fluke Corporation Me-
trodoggy bulletin board service at +1-206-356-5309,

Tolerance Calculator is already in use in metrology and
caltbration laboratoeies all over the world; its distribution
propagated mosily by word of mowuth. It is the author's
hope that this article will give readers an insight into the
Tolerance Calculator’s many capabilities and encourage
other software authors to donate their efforts into the
freeware arena.

Chris Grachanen, Compaq Computer, PO, Box 652000, MS
070110, Houston, TX 77264, USA. Phone: +1-713-518-8486,
fax: +1-713-518-7275.

Maorfox Software, Inc, 3400-188th St SW, Suite 285,
Lynwood, WA 98037 USA. Phone: +1-206-T74-9118, fax:
+1-206-774- 9602,



