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Abstract — The paper describes a PC application for
processing results in calibration of special weights used by
Mass laboratory of National Institute of Metrology.

The application named “GS 2007 is friendly used,
complex and safe application. It realizes the necessary
functions for calculating the mass and uncertainty of the
special weights, according to OIML R 111, including the
uncertainty analysis, to optimize the measurement process.

The application allows data recording, interactive
dialog, the visualization and the printing of the results.
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1. INTRODUCTION

The paper describes a PC application for processing
results in calibration of special weights used by Mass
laboratory of Romanian National Institute of Metrology.

The Excel application realizes the necessary
functions for calculating the mass and uncertainty of the
special weights, according to OIML R 111, including the
uncertainty analysis to optimize the measurement process.

The application also allows data recording, interactive
dialog, the visualization and the printing of the results.

To protect and save the electronically stored records and
to prevent the unauthorized access to these records, the
application meets a specific procedure, implemented in the
laboratory, according to [1].

2. DESCRIPTION OF THE APPLICATION

The application maintains a data base including the
recorded values of all the data used, having a good
protection against unwanted or accidentally changes. The
main application is accompanied by another independent
application UP which is wused for upgrading the
measurement instruments data (from the main application
GS 2007).

2.1 The installation of the program

The installation of the program on the computer is
made following the same steps that any installation:
selecting the destination path disk, the installation itself
(Fig . 1.) and complete installation.
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Fig. 1. The installation itself of the application

Also shortcuts are created in the Program Files, Desktop
and Taskbar.

After installation, the program does not run all functions,
(for example the records are not saved in the database) if is
not activated. For activation, it runs the application
“actuation” (ACTIVE GS2007), which allows running the
complete application.

2.2 Description of the application UP

The application UP is wused for upgrading the
measurement instruments data (from the main application
GS 2007). By a simple click it can be chosen to update the
standards weights, weighing instruments or equipments for
air density, Fig. 2.

LAST UPDATE START UPGRADE

29.apr.09

History af
a[wwnga;

o~

Fig. 2. The window that contains the update of measurement
instruments data.

In the Fig. 3 is presented, for example, the setup of new
values for the standards weights.
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START Upgrade!
Soandant saiaits UPE39925 DATE: 22-apr-09 Checked ..o
GS 2007
= Ry ot
Nominal ﬂ Modifications | moaseason | cyuon catiat, . Wass comventional] Unit |uncertainty|  Drif ‘ & 0 |sa ‘
mass | OIML ClassiManufactureriSeries
Tkg |Etreferina 1 kg Sartorius 90132655  02.01-522006 0999999982 kg 0054 0054 800980 25 2
1k _|Etreferina 1 kg Sartorius 90132656 02.01-5/2006 1000000023 kg 0026 0026 800884 034 3
Tg |Etreferinga 1° g Kroneiss BEV 5701 2.1.25/2003 0999895 g | 0001 | 0001 840600 30 ]
19 Et referintd 1 " g Kroneiss BEV 5701  2.1.17/2003 0,999 805 q 0,001 0,001 8406,00 30 5
20kg |E120 kg KERN G047440 A18 02.01-54/2006 20,000 003 kg 4 4 804330 44 7
20kg |E120kgKERN G047441 A19 02010062009 | 20000021 kg 3 3 630 44 8
10KG [E110KG RERN GUAr4aZ AL UZUs | IUUWLUSG K9 Us | U6 suisou o Y
ke |F110La KERN (AATA% A17 0701.852008 400N AN2T ke 15 15 anisan &4 in

Fig. 3. Update of standards weights

2.3 The security of the data

The security of the data [1], in the Excel workbook is
assured at 3 levels: for the user, for the administrator and
for the author:

o at the first level the user has the password for access
the application “GS 2007” and for modifying or adding data
(which do not enter in the calculation of mass, for example
the name of the operator or the manufacturer).

The data, the time and the name of the person who has done
the changes are automatically registered; this information
may be visualized at any time in the computing file.

o at the second level, a password is defined for the
administrator to protect the UP application.

The UP application requires two passwords:

- for actualization of the data (for example
the setup of new values for the reference
standards);

- the transfer of the actualized data to the
application “GS 2007".

Additionally, the second level includes the first level of
protection.

o at the third level, the passwords protecting the main
application GS2007, the individual application UP and the
VBA code (Visual Basic for Applications) are defined by
the author, which has the total access in the application.

2.4. The structure of the application

The main data file is structured on several areas, which
ensure a good run of the application:

2.4.1 GENERAL DATA area, Fig. 4.

Contains data concerning the order, the operator which
performs the calibration, the start and the end data for the
calibration.

Order: 777

Thetegndte g, [9.dec.-2008 Hisory
Operator: | A. Valcu The end data: 9-dec -2008 Moffications

Fig. 4. General Data area

2.4.2 AIR DENSITY area, Fig. 5.

Contains data concerning the environment conditions
(temperature, relative humidity, air pressure) together with
the number of calibration certificate for each parameter, the
air density calculation and resulted uncertainty.

Fairs kenl condiiions Environment conditions instruzents | ¢ . N
t= 213 w=05°C Opus 10 THI seria: 6064 (camera OC-06) [05.02-229/20.05.04
h= 46 %) Uy =1 % (camera SC-08) u 133-2777
p =I 102689 Pa y=13Pa YCM02C A30 p 02.02.726/25.08.2003
Pa= 1,212495 kg/m’| uc(pe) = 0,002185 kg/m* Loy attmo: T0m

Fig. 5. Air density area

2.4.3 STANDARDS area, Fig. 6.

Gives us information on the standards used: accuracy
class, the number of calibration certificate, the update data
and all the necessary data from the calibration certificate
used in mass calculation (mass value and density of the
standard, with respective uncertainties). Using a single click

all the information concerning the standards are
automatically filled.
STANDARDS UPDATED on: 31 imwarie 2008
me= 29500087 U= o= Upe= bm=
CE.Nr: 0201-109 /2006 g mg kg/m® kg/n® mg
o E22'q A Hafner 51 1,999 993 0,012 79500 1400 00120
E1 500 mg Sartorius 90332784 0,500 0136 0,003 86000 1700 0,0025
E1 200 ' mg Sartorius 90332784 0,200 0015 0,002 8600,0 1700 0,0020
E1 200 mg KERN G047439 0,200 000 B 0,002 79500 1400 0,0020
E1 50 mg Sartonius 90332784 0,049 994 0,001 8600,0 1700 0,0013

Fig. 6. Standards area

2.4.4 WEIGHING INSTRUMENT area, Fig. 7.

Contains data concerning the balance wused in
calibration, the number of calibration certificate, together
with all the necessary information used in the calculation.

W
ey e = 0= b U= | Une= [ Usmem | Uner
(Comp. 211g AX 206/ 1128030901 v div mg mg mg div
CEnr: 0201-6052007 0001 240 0,000 000 008 0 0 05

Fig. 7. Weighing instrument area

2.4.5 SPECIAL WEIGHT area, Fig. 8.

Here, we have information on the special weight that
will be calibrated (manufacturer, material, density with
respective uncertainty).

Special weight |
Nursber Manufectuer: ] Material [|—ze =J Uﬂ‘j Un = Uer=
T
2% SAUTER Stainfess steel 7950 140 0 0

Fig. 8. Special weight area

2.4.6 SELECTION OF THE DATA area, Fig. 9.
Contains data concerning the additional standard weights
disposed on the special weight. Using a single click all the
information concerning the standards is automatically filled.

Additional weights (on the special weight) UPDATED on: 21 tewurie 2008

Mo = 0,030 007 4 U= pr= Up,= dm=
C.C.No.: 02.01-011/2007 g mg kg kg/m’ mg
£1 20 maq Sartonus 90332784 00200104 0,001 86000 1700 0,0010
110 mg Sartonus 4 - 0,009 997 0,001 86000 | 1700 00010
E1 20 mg Sartorius 50332784 ~ P L
E1 20 g Sartorius 90332784 /
E1 5 mg Sartorius 90332764 ‘_l\

E1 2 mg Sartorius 90332784

E1 2" mg Sartorius 90332784

E1 1 mg Sartorius 90332784

E2 20 kg KERN G045983 D18 .

Automatically change:
- mass value
- uncertainty

- dens
Weighing instrument 2]

d= - uncertainty of density L || Ysme= Ugez=
Comp. CC10000U-L 10kg/ 12502113 v - drift mg div
C.C.No.: 02.01-703/2006 001 5 1] 0 05

DIFFERENCES ABBA on the balance el
A= 126735 div Al 126750 div | Ab= \ Alyg=

A= 1C7E 0 i A= 1707E N L A=

W

Fig. 9. Selection of the data concerning the standards and
additional weight area
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In the cells, where necessary, can be typed other values
than those automatically selected, the text colour being
changed from blue in green. The values can be changed
automatically using the appropriate buttons, Fig. 10.

V|

SEARCH IN DATABASE SAVE

The begin data: History

...... Automatically
......... change:

we(pa) = 9,002152 kgim®

Meterial [[~pmie %(/\4 /U,,. - Use =
)| " kgm® A kg/n® /
Stainless steel 7950 140 0 i]
UPDATED on: 31 israserie 2008
— 1 me= 2 600,002 400 U= o= Upe= dm=
g mg l:g;’rn3 l:g;’m:= mg
SiR & N N oo 3 ENN FaEN 1 AN 5 &N

Fig. 10. The automatic changes of the values

2.4.7 PRIMARY DATA area, Fig. 11.

Contains the differences ABBA performed on the
balance (max. twelve), number of cycles, mean difference,
standard deviation of the mass differences.

DIFFERENCES ABBA on the balance
Ay= 126735 div Al 126750 div Ab= Ahg=
A= 126750 div Als= 126750 div Alg= Alyy=
A= 126750 div Alg= Alg= A=
o.0f eycles=|| 5 Al= 1267470 div s = 0,670820393 div uA= 0.3 div

Fig. 11.Primary data area

2.4.8 WARNINGS
When accidentally are introduced some wrong data,
visual warnings appear, Fig. 12.

| : || Search in database | v " SAVE "
Order: 777 The begin data: 2-iun -2009 Hotory
- i Today |, Mofification
I OgaatodA. Valcu The end data: 2-iun -2009
Environment conditions LR RS C.E Nr:
t= 20°C u="5"C Cpus 10 THi seria: 6064 Gamers OC-06) |05.02-229/20.05.04
uy= 4% Barometru (camera SC-08) u133-2777
u, = 13Pa Higrometru YCM02C A30 p '02.02.726/25.08 2003
. =| “N\pc(02) = 0,000221 kgim® Lborabr/s attas 70 m
Special
Number [ || = Up= | Unm= | Ueu=
ki’ kefm®
25 | SAUTER N\ Stainies
STANDARDS UPDAQED an:
C.C. No.: 02.01-102/2006 L)
£25 kg KERN G045982 D16
E27 kg KERN 6045982 D15
£21 045982 D13
- e

Visual warning when :

- wrong choice of balance

\ - choice of the same standard weight
g Bl

- sm=
kgfm® mg

i} y, 1700 0,0010

000887 /T 170,0 0,0010

0,009°957 1700 0,0010

Weighing instrament = =

E / = sopl ue= | o= | Ve ==
Sartorius 100g 2604/ 149270 g mg div
C.C. No.: 02,01 -766124.07.2003 ogoooz | o 0 05

Fig. 12. Visual warnings

2.4.9 RESULTS area, Fig.13.

Containing a window with the final result of the mass for
the special weight calibrated, together with respective
uncertainty issued.

RESULTS

Mass Ui

rtainty of
2,962 683 [ a

= 0,015 mg [

Conventional U=0,030 mg

Fig. 13. Results area

2.4.10 UNCERTAINTY BUDGET area, Fig. 14.

Contains detailed information of the mass and
conventional mass resulted and measurement uncertainty for
each parameter involved in calibration [2,3]. Thus, a
complete image of the uncertainty’s components provided
on the sheet. The smaller or greater components that
influence the expanded uncertainty are clear distinguished.

Quantity Value Expanded Distribution | Standard Sensitivity Uncertainty
uncertainties i i ibuti
X i u u(x) G u=Gufx)
m
I la] 29500087 |U{mg] 00198 N 00093 1 1 0,009300
5 m [mg) 00198 R [ o011 1 1 0,0171432
M ee 0] 0, U [mg] 0,0000 N 0 1 1 0,000000
5 m [mg] 0,0000 R [ opoo 1 1 0,000000
lp ailkgim’ 1212 U palkgimy 00044 N 0002 [C palkgim’ [256146E08| 5 6E-09
lp alkeim? 79500 U pdkaim?] 140,0000 N 70 C pelka/m? | 2,0E-10 14E-08
o lkgin) 81153 |Updkgimy 3548239 N 177 41195 [ Cop lkoimy| 19E-10 | 34E-08
Ci 3.20042E-08 ub N 368E-08 mo 3 0000109
Im o (0] 3 n cicluri= 5 |
(&1 (i) 1267470 |sp (a) (6] 0671 N 03000 | dimgidn] | 0,001 000300 |
d [maidi] 0001 |Uqimgidi | 0,000000008 N 0000000004 | AldM__| 12674,7 000051 |
U e (0] 050 R 0,408 1 ¥ 000408 _ |
U eIma] 0,0000 R 0,000 1 1 00000
U stas [Ma] 0,0000 R 0000 1 1 0,000000
Use= 0,0000 R 0,000 1 1 0,000000
Uor= 0,0000 R 0,000 1 1 0,000000
Conventional Mass Combined standard unc. U, [ma]= 00151
2962683 g Expanded uncertainty(k=2) U [mg] = 0,0303
Combined standard unc.  u[mg]= 0,021
Ti  mass 2,902 050 g Expanded uimgl=  uuuaz

Fig. 14. The complete image of the uncertainty’s components
STEPS IN THE UNCERTAINTY BUDGET

The first column contains the inputs quantities, having
the estimations in the second column.

The expanded uncertainty from the next columns is
calculated in accordance with [2], having the contributions
further described in the same order that are viewed:

e uncertainty associated with the reference standard,

Uncertainty of the reference standard comprises a
component from calibration certificate (u) and another one
from its drift (dm) (stability of standard) [2].

U =+/U° +5% with =Li )

The same formula is used for additional weights.
e Uncertainty associated with the air buoyancy
corrections, u, is estimated using the formula [2]:

up =C3 xul +Chxub +C2 xu’ @
with the following sensitivity coefficients:
1 1 1
Coa= " G :(pa _pO)Xiz and
(©)

1
C, :(pa _pO)Xiz

pr
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e The type A uncertainty

Due to the fact that usually only two or three ABBA
measurement cycles are executed, an experimental standard
deviation cannot be calculated. For this reason, are used data
obtained from previous repeatability evaluations on the mass
difference between two weights of same nominal value,

resulting a pooled standard deviation s, . If n is the number
of ABBA cycles performed, the type A uncertainty is
calculated as:

S
up =2 @

e Uncertainty due to the sensibility of the balance
If the balance is calibrated with a sensitivity weight (or
weights) of mass, m,, and standard uncertainty, ugms), the
uncertainty contribution due to sensitivity is [2]:
U52 :Amcz'[umszlmsz"'uz(Als)/ AIsz] (5)

e Uncertainty due to the display resolution of the
balance, u.; (for electronic balances) is calculated
according to the formula [2]:

0 - (d\//;}ﬁ 6)

e Uncertainty due to eccentric loading

The contribution of the eccentric loading effect of
the standard scale (mass comparator) to the budget of
uncertainties of the measurement is [2]:

ﬁ><D

d, ©
u =
EX 2% \/5
Where:

D is the difference between maximum and minimum
values from the eccentricity test performed

d, is the estimated distance between the centers of the
weights; and

d, is the distance from the center of the load receptor to
one of the corners.

e  Uncertainty due to instability in indications of the
balance (mass comparator)

If the indication of the balance fluctuates, the standard
uncertainty resulting from the instability of the balance Ustag
is estimated by taking into account the semi-largeness of
variation dmsrag Of indications of the balance (amplitude/2):

om
Ustag = % ®)

e  Uncertainty due to magnetic effects Unm,

When the weights have the magnetic properties which
correspond to the requirements from [2], one may consider

the magnetic effect and its contribution to the standard
uncertainty to be negligible.

e Uncertainty due to convection effects ug,

The convection effects determined by the difference
between the temperature of the air in the lab and the
temperature of the weight to be calibrated and its
contribution to the standard uncertainty of the calibration are
negligible provided provisions are observed as stipulated in
[2].

The next columns in the uncertainty budget are in the
following order: distribution, standard uncertainty for each
input quantity, u(x;), sensitivity coefficients Ci and the last
one, the partial uncertainties, u;=C; -u(x).

The sheet also gives both the mass and conventional
mass with the respective uncertainties.

2.4.11 ACCESSIBILITY TO THE DATABASE
There is a possibility to access the database, to view or
print certain information of a previous calibration Fig. 15.

| INMB S{N: aurit Cda: Intercomp2008 01.02.08/12:46:11

| v’ I SAVE |
TNVB S/N; v Cda: 35E - PRESIUNI 09, 11,07/09:24:59 = =
Order  |INMB SIN: VI Cda: 35E - PRESIUNI 09,11.07/09:28:41
il INMB S{N: VII Cda: 35E - PRESILINI 09.11,07/09:29:44 History

Operator] | INMB i VIT Cd: 35€ - PRESILNI 09.11.07/10:04:41 Mofificarions
—_—

INME S{N: IX Cda: 35€ - PRESIUNI 09.11.07/10:05:58
= INMB 5{N: X Cda: 35€ - PRESIUNI 09.11.07/10:07:34 1 3
VORI 1145 Sj; XI Cda: 35€ - PRESIUNI 09.11.07/10:19:33 [ i
1= | INMB S{N: XII Cda: 35€ - PRESIUNI 09.11.07/10:21:45 ra 0C-06) |05.02-229/20.05.04
= | e 5 X o 352 - PRESIUNI 05.11.07/10:23:52 el
INMB S{N: XIV Cda: 35E - PRESIUNI 09.11.07,
p =] | e it X1v Cd: Intercomp2008 31.01.06] 2o b 02.02.726/25.08.2003
INVB SN X1V Cd: Intercog2000 3101 08/13:44:25
Pa = |INMB S/N: XIV Cda: Intercomp2008 31.01.08/14:27: T0m
Specialwd INVE S/N; XIV Cda: Intercomp2008 31.01.0/14: S
INMB S{N; aurit Cda Intercomp2008 01.02.08/12:46:11 = - -
Number || sjn; - Cda: 777 11.02. osfiz38i16 Upe= | Um= Uey=
- SiN: - c s 7771 02.0 kg/m®
By w0 | o | 0
pe= Upe= om
C.C.No. kg/n® kgin® mg
E25 79500 1400 25000
E22 79500 1400 1,0000
£21 79500 1400 0,5000
£2] 79500 1400 0,0500
£4 w| 79500 1400 0,2500
Additional weights (on the special weight) UPDATED on' 31 isuie 2005
me= 00300074 U= pe= Upe= ém=
C.C.No.: 02.01-011/2007 g mg kg/m® kegfm* mg
E1 20 mq Sartorius 90332784 0,020010 4 0,001 86000 1700 0,0010

Fig. 15. Accessibility in the database

2.4.12 THE SYSTEM INFORMATION
Can be viewed information such as: application version,
title, author, excel version, operating system, Fig. 16.

Search in database

Order. 777
| Operator:] A. Valcu

The begin data:

NIRRT GS 2007 1.0 [Py et cuchiions mutm
= THI seria: 6064 (camers
h= I \i/ &*&?ﬁ:ﬁg’f:" 2005 tru (camera SC-08)
= et YOM02C A30
Autor: 5.Baiou e
Pa= 114 P Larats s
Special weigh) baicust@yahoo.com
Number I Pe= I
b4 | e
25 INFORMATIL SISTEM: 7950
| 5] BAICL Fie 2008
| s oz 400 U=
Sistem operare: Windows (32-b&) NT 5.01
C.C.No: 02004 Wersiune M5 Excel: 11.0 mg
| E2 5 kg K 2500
£224a4 = 100
E2 i =) ]
E2 100 " g A Hafner 51 99,999 &30 0,050
E2 500 g A Hafner 51 500,000 020 0,250

Fig. 16. System information

2381



3. ADVANTAGES OF THE APPLICATION

Some of the advantages of the application “GS
2007 are:

- the well known Excel procedure is easy to use;
- a complete image of the uncertainty’s components
provided on the sheet. The smaller or greater components
that influence the expanded uncertainty are clear
distinguished,;
- a fast selection of the data concerning the standards, the
measurement instruments, manufacturer, etc, by choosing
them from the lists COMBO BOX type. Using a single
click, all the information for the measurement instrument
(for example: calibration certificate, density, volume, etc)
are automatically filled;
- visual signals when inadequate input data or some
discrepancies of these (for instance between the nominal
value of the mass standard and that of the maximum
capacity of the balance) are introduced,;
- the possibility to stock in the database all the data,
including the results of the calibration. These can be
visualized and printed at any time;
- visual signals when (by the mistake) a multiple choice of
the same weight has done for the respective calibration;
- taking into account that the special weights haven’t an
exact nominal value, the application gives the possibility to
use until ten additional standard weights on one of the
weights which are compared;
- the individual application UP upgrades easily and rapidly
the main application which is settled on different PC’s;
- during the upgrading, it is no risk to depreciate or block
the main application by inadequate commands;
- the upgrading data is visualized in the main application
and remains unchanged until to the next upgrading.

A general view of the sheet, containing all the areas
described before is presented in the Fig. 17.

SEARCH IN DATABASE ] o SAVE
i . 20 Hsery
Order. 777 ; Tha bagin data: Today |2 L .
OEuQ‘Q[IA. WValcu The end data: 2=1un, - 2008 ‘I‘“.
Special weight
Nurtber = : i l_z=_| Up= U™ Uy m
Il ki’ kghm®
25 SAUTER Stainiess stéel 7950 140 1] 0
STANDARDS UPDATED cn: 31 maam 2065
m #8000 30 U= a.= Up= am =
C.C.No.: 020110202008 | [ 4 mg kghn’ kgim” mg
E25 kg KERNGO45252016 | 5000001000 | 2500 [ 79500 | 1400 | 25000
E£2 2 kg RERN GO45932 D15 2000,001 500 1000 | 79500 | 1400 1,0000
E£2 1 kg KERN GO45982 D13 1 000,000 000 0,500 7950,0 1400 0,5000
E2 100 ' o A Hafner 51 8,559 560 0,050 7850,0 1400 0,0800
EZ 5005 A Hatner 51 500,000 020 0,250 79500 | 1400 | 02500
Additional weighis (on the special w UPDATED an 31 sams 1065
o= 0,030 007 4 U= A= Up,= am=
C.C. No.: 02.01-011/2007 £ mg kghm* kgl b
E1 20 myg Sartons 90339275¢ 0020010 4 0,001 BEO00 | 1700 0,0010
E1 10 mg Sartorins 30332784 0,003 937 0001 SE000 1700 00010
Weighing Evtnamat
d= || £ tap= e Upp= | Ysra= Ues:
Cornp. CCI0000LLL 10kgf 12502113 an an mg m3 ma div
C.C. No.: 02.01-703/2006 0.m 500 0,000 00019 L1} 1] 0.5
DIFFERENCES ABEBA onthe balance
ot ABRS Y ole CAEISAd ) O DB s s
M= 126750 div M= 126750 div A= H,y
My 126750 div A A= 8=
Ho of cpcles= 5 A= 1267470 citv 5 = QATORINNGS dl wh= 0,3 div
RESULTS
Mass l Uncertal of measurements
onventional — 3 600,099 689 | | = 3,208 mg [ U-6595mg

W 4 » ¥ \DATE/

Fig. 17. General view of the sheet

Although the application has in its content more files,
one of them is always visible for the user all of a sudden.
The user can use a file, in terms of necessity.

4. CONCLUSIONS

In this paper it was described an Excel application for
processing results in calibration of special weights used by
Mass laboratory of Romanian National Institute of
Metrology.

Only by using some clicks, this PC application enables
Excel users to store, process, analyze and print the final
results in the calibration of special weights.

This automatic mass and uncertainty calculator use the
methods outlined in the [2] and [3].
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