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Table 1- Electrified potential difference for buffer 7, buffer 4 and cake sample in 10 repetitions

EiRept saslda EzRept sl Exrept saslds
Dhbservation Observation Dbservation

-1.6 1 159 1 0 1
-1.7 2 158.9 2 -1 2
-1.8 3 158.9 3 -2 3
-1.4 4 159 4 -1 4
-15 5 158.9 5 0 5
-1.6 6 158.9 6 0 6
-1.6 7 159 7 2 7
-1.6 8 1589 8 0 8
-1.8 9 159 9 0 9
-1.6 10 158.9 10 2 10

Proof of capability Compliance assessment

Tolerance or distribution interval ‘ 1

Capability index-Limit value |Cm (JCGM 106) vil[ 4|

D By 25 03l 4D Culad pus im0 (3391 awlio oy g 1Y JSUS
Figure 1- Checking the appropriateness of the uncertainty in the defined interval

<l Two-sided «Type of tolerance cwud o «ils
Upper ,laas 46 Lower specification limit ,laae o
H58le 5 5l o (] j0 000 5 5 )15 7 specification limit
035 S5 51 as o,ls 594 limits are not allowed & 5
9o 3y el 50 (55, s Jilamis oS (slaiged 090
S9) ol aS glaiged mip S 1) Cend ol ST

Dy a8 pdy all Gy
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compliance assessment ceod S5 g ol g PHX
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Dedision rule |Simple Acceptance - Stringent Rejection v]
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Upper spedcification limit 7
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Figure 2- Compliance assessment and decision rule selection agreed with the customer

WSS PH pSoslail o 4t by conhd poe dgsl bl 4l 5dle s 4 Sldbl 3,5 sl Lyl

S 3 90 03 )0 Cualad pae jlade 3 caslie (guyp odlin l58le 5 (255 18 0 GUF Caad 4y alis g
bl el log aiges Gldasl obs,l  pas gl jlade dacasS pled g 8,50 opl Jolis a5 o

il a9 ol oS 51 Sy 2 5 il Conalad

| Py
‘ Quantty Vae Stand. uncert, Distrid DoF Sensit. coeff. Uncert, contr Rel, contrd Brchat |
£ 0,0mv 8,66mv Rectangular ® 0,0000314 my'! 0,000272 0.04% |
E 0,800 mv 0,314my
pHy 7,0000 0,019
pH; 4,0000 0,012
E 158,940 mv 0,120 mv
3 -1,620mv 0,125mv
o 0,00335 1/°C 0,00100 1/°C Normal ® 0,00751%C 0,00000751 0.00% |
I\§ 0,50 °C 4,08
pHoR 00 0,0 Rectangular ® 00 0,0 0.00% |
PHgsd 00 0,000289 Rectangular ® 1,00 0,000289 0.04% |
B 0,800 mv 0,291mv Normal 9 0,0187myt 0,00544 14.07% =
Exace 0,0mv 0,115mv Rectangular ® 0,0187my't 0,00216 22% |
Eesd 0,0mv 0,0289 mv Rectangular ® 0,0187my*t 0,000541 0.14% |
Eqapt +1,6200 mv 0,0389 mv Normal 9 0,0186 mv*t 0,000724 0.25% |
Egace 0,0my 0,115mv Rectangular ® 0,0186my't 0,00215 219% |
EtResd 0,0mv 0,0289 mv Rectangular ) 0,0186 mv*! 0,000537 0.14% |
e 158,340 mv 0,0163mv Normal 9 0,0000955 mv*! 0,00000156 0.00% |
Edace 0,0mv 0,115mv Rectangular ® 0,0000954 mv"* 0,0000110 0.00% |
Exresd 0,0mv 0,0289mv Rectangular ® 0,0000954mv°! 0,00000275 0.00% |
PHiAc 7,00000 0,00577 Rectangular ® 0,9% 0,00575 15.71% (|
PHyTemp 0,0 0,015 Rectangular @ 0,9% 0,0115 6283% —
PHzee 4,0000 0,0115 Rectangular ® 0,00511 0,0000590 0.00% |
PHarems 00 0,00577 Rectangular ® 0,00511 0,0000295 0.00% |
Toss 23,00%C 289 Rectangular ® 0,0000504 °C*1 0,000145 0.01% |
Tal 23,50 °C 289°%C Rectanguiar @ 0,0000504 °C** 0,000145 0.01% |
u(ETea) 0,0 0,00158 ® 1,00 0,00158 L18% |
U(E5Trmeas) 0,0 0,00157 ® 1,00 0,00157 116 % |
Value Comb. stand. uncertanty Effective degrees of freedom Sign. doits
pH, 56,9847 0,0145 454 3
Value Expanded uncertainty Expanded rel, uncertainty Coverage factor (Probabilty) Distrbution Sign. digits.
Result 6,985 0,09 £0,42% 2,00 (95,45 %) Normal 2
‘ Capability Index Cm Uit value Mn, Tolerance
Yes 17.2 4 0,23
[cene—- iy ol -
Yes 84.9% 15.1% 5,971 2009
GUF validated:  Tolerance §: 4 Value: 4 Comb. stand, uncert.:  Coverage intervals: Unit
Yes 0,005 0,0 00 GUF [6,9557:7,0137) MCM [6,9569:7,0126] d [-0,00122:0,00114]
MCM:  Value 6,985 Comb. stand, uncertainty |0,0145 Expanded uncertainty +0,028
de Vl 0%

Oluwle douis el g 15810 5 (29,5 Y JSWo

Figure 3- Software output and announcement of calculation results
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Table 2- Uncertainty budget

Comolus Co pb

CaroS slago 3,15kl Coxhad pus &y Sensitivi 0 e b B Coos
Quantity Value Stand. uncertainty Distribution ! |y|ty Quantities with zero contribution
coefficient
Ex 0,0 mv 8,66 mv bt 0,0000314 mv't
Rectangular
Ex -0,800 mv 0,314 mv
pH, 7,0000 0,0129
pH. 4,0000 0,0129
E, 158,940 mv 0,120 mv
E; -1,620 mv 0,125 mv
by
o 0,00335 1/°C 0,00100 1/°C s 0,00751 °C
Normal
AT -0,50 °C 4,08 °C
PHhori 00 00 okl 00
Rectangular
PHuead 00 0,000289 e 1,00
Rectangular
Jly .
Exre -0,800 mv 0,291 mv 0,0187 mv!
et Normal -
Exace 0,0 mv 0,115 mv e 0,0187 mv! I
Rectangular
Exreas 0,0 mv 0,0289 mv skt 0,0187 mv'*
Rectangular
Jly 1
E1rept -1,6200 mv 0,0389 mv 0,0186 mv
Normal
Etnce 0,0 mv 0,115 mv e oo186mvt |
Rectangular
Eeas 0,0 mv 0,0289 mv ks 0,0186 mv*
Rectangular
Jby 1
Earept 158,9400 mv 0,0163 mv 0,0000955 mv
Normal
Ezace 0,0 mv 0,115 mv b 0,0000954 mv™t
Rectangular
Ezpeas 0,0 mv 0,0289 mv ks 0,0000954 mv'*
Rectangular
H 7,00000 0,00577 0,996
PPaace Rectangular -
PHerey 00 00115 e oo T
Rectangular
PHaace 4,0000 0,0115 s 0,00511
Rectangular
PHaremp 00 0,00577 bt 0,00511
Rectangular
Tmess 23,00 °C 2,89 °C hatee 0,0000504 °C"!
Rectangular
Tea 23,50 °C 2,89 °C ks 0,0000504 °C*
Rectangular
U(Eis;Tcal) 0,0 0,00158 1,00
U(Eis;Tmeas) 0,0 0,00157 1,00

VOV



VEY = VUE Lol VEY /bl g 4le / YU 0lows / Y als/ olié ayliao  owibigeo oo

Qmsys GUM l5sle 5 a5 ol o Ll ol 51 i
S yaibiwl V-0V-Y o b gllae cwl (g)lw ()58
Ll o 51 g,lx slaliéle 5 <ISO/IEC 17025:2017
S S ams oY a4 Ky, 54 Ll sos (a5 6,8
Dales cod (5,108 Ao Ll lawles § g oo (AL o
Ayl (6l as 4y Lo el allsl oL, sle Jow L
5203 ly b 55 gt Sl o j5liin oy
e bl Gy 55 50 2les uly ST 35 e Ayl
Lol s 00l alligi 2oL,

£/ VR Ol PH ol (6l a8l oy Copalad pas
Jolae 098 ()l (o Djgo 4 ST a5 050 050
WIFD lgebl mhaw jo polie oplcwl wo o £4/FY
e Jlo g x5 6l g wloads Ly ws s

oS sl 1) GUM (g jleslin] (izees 133l 5
5 Gl e S PH O (6, Seslul coalad pac

3,5 Slore 5l Geber o3l 5 (Uulhebdis ol

o g e

€9 biueS polie o l33le 3 Observation cwed o
Gl oyulinl Conbd pae lade 45 wad i, A
YA s Eirept sl «cdsos +/YR) il Exrent
s dpesloes <[ VEY s Eorept sl 5 s shos

B &5 slacawaS polie ¢)38ls 5 Budget ceed ;o
Coml (o o g 0 lailil Coshad pac a5 walls o3l
llae LT jladie g ol dwlne alSlos & y90 4 CueS 4
Slr 1, GUM g, 5l eslial Jl38le 5ol o5 Jgor
5 Coild s S PH (6 S0l Calad pas (pesS
2,5 Olgre 5ly ey o3l g (Llisldis I,

25 sy Slowlone Cond (n St 42 250 Gl 5o
Ol 1) o (b yrane (1392 S yd (895 4 SIS o0
oxilg> FIAAN 1, S &gad PH o PH ol 020 o
@l o0 g ya3 Aol a5 wesls el Lo ol by o
5 ol sl oyl a5 wms s | e ean i 58l 5
5,5 dlns 38l 5 Lawss S PH (sl FIAAD s

PHX Cyakid ous ¥ Jgua
Table 3- Uncertainty of pHx

S

Quantity e Wby Conlad pias o dBllany Conlad pas by oS % il
Value Expanded uncertainty Expanded rel. uncertainty =~ Coverage factor CILIE REsbe =
P P ’ g probability
Jboy
pHx 6,985 +0,029 +0,42 % 2.00 95.45 %
Normal
o yliel € Jga
Table 4- Validation
6""3')913 PO . - -
S (i i) Tolerance & gy 03k A a2l A &5 0 3 lailiw] Cunlad pucA
Quantity Validation A Coverage interval A Result A Comb. stand. uncert.
pHx Yes 0,005 [-0,001:0,001] 0,0 0,0
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Table 5- Uncertainty of quantities

PR WS Conlad 045 oo CueS
Rel. contribution Uncert. contribution Quantity
% 62.83 0.0115 pPH:temp
% 15.71 0.00575 PHiAc
% 14.07 0.00544 Exrept
% 2.22 0.00216 Exacc
% 2.19 0.00215 Eiace
% 1.18 0.00158 U(Eis; Tear)
% 1.16 0.00157 U(Eis; Tmeas)
% 0.62 0.00114 Other
% 99 0.0145 pHx
=
80 i £ & - 100
= 5
— &0 - 75 =
5 =
5 404 — 50 S
E 20 - 25 E
& - T T a g
PHiTemp ExRept | Eiacc | U(EiTmezs) §
PH1 8o Exacc wiEis; Tzl Other

J5 CanlaB pas )3 CaeS 2 il oo iY l3g05
Chart 2- The impact of each quantity on the total uncertainty
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Table 6- Proof of ability

CaroS’ onnt] o ls A lade Gkl Jgd Jlois! 3, Js!
Quantity Capability Index Limit value Compliance P-inside P-outside
pHx Yes Cm=17.2 4 Yes 84.930% 15.070%

V04



VEY < VUL Lol VEY [ obauli 5 s / Y oylans / Y sla/ lié alio witigee Olidios

09 JSe 09031 4zt FLil (b5
pae 8,5 B 0 e (pledigel i (pga ) dged PH laie a5 il 5l gy 090 diged 5o
Conbad pac o2 0,5 Gglad g cad (5 S oslail Cualad g pe 5 0l (5 S0l FIAAD SepH olfiws bawy SIS
O3o3] Az 3,5 090 £/ VA Lyl PH (g pSojlal - o5 05 YOO o)les 4y S5 (o il (5,5 porand
PH: 698550020  1cuiy lsiie ) g ], bl 03,5 el Y B £ 1, S PH sl e lotia
O S PH lade 0o y0 A0 liebsl mlaw jo e olailinl VU o> a4 ee;] s aSil 4 axgs

S8 JBVLNF GRS o dg03 0, b (% )90 50 (6 S Az (ol S0

MCM 6,9569 (2.275 %) 6,9847 7,0126 (97.725 %)
GUF 6,9557 (2.275 %) 6,9847 7,0137 (97.725 %)
9 |20
= g
ree 7 4 - 15 =
=
& &
2 L
g ¢
E 54 - 10 E
= I
-
2 s
0 Lo

6.950 6.975 7.000 7.025

B (53050511 Cuad ous 83U ol o 4y (9031 Az 1€ JSUD
Figure 4- The result of the test along with the measured uncertainty interval
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Abstract

The conformity assessment process relies on measurement as the primary source of information. In any
measurement, the obtained result always has uncertainty. pH measurement is one of the most important and
common tests in food laboratories, since the first step in uncertainty estimation is to determine the
mathematical model for measurement, and because in none of the test methods mentioned, in order to
measure pH, unlike most other tests, mathematical models and formulas are used. There is no calculation.
This test was selected for study. To estimate the measurement uncertainty, Qmsys GUM software was used.
The result of the calculations performed by the software was compared with the response of the device. The
mathematical model defined for the software calculated the pH value of the cake sample as 6.985, which was
consistent with the number read by the pH meter and indicated that the mathematical model was correctly
written. The expanded uncertainty level for the pH measurement test, at the 95.45% confidence level, was
estimated as +0.029, equivalent to £0.42%, which is used in evaluating the conformity of the results.
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