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

Eirept i Earept saslie Errept saslie
Observation Ohbservation Observation

-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
-1.5 5 158.9 5 0 5
-1.6 6 1589 6 0 6
-1.6 7 159 7 2 7
-1.6 8 158.9 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

b By p25 030 13 Cumlad pae 50 (4390 Cowlie oy o 1) KOS
Figure 1- Checking the appropriateness of the uncertainty in the defined interval

ol Two-sided «Type of tolerance cwud ,o «ils
Upper ,laas 46 Lower specification limit ,laae § o
S8l 5l Ceond (o050 5 0,19 7 (specification limit
005 S5 51 as o,ls 54> limits are not allowed a5
Sgdsn 3y el 550 (59, ids (Alamt o5 (laiged 350
9y Pt &5 liged wipp S ) S l ST

Dy aBpdy all jye

S ) G S ooy 82l il sLal bl e
Lrl jo oS Gl i Model caad (o 9, ol 5l el
compliance assessment ceod S5 g bl wgs PHX

Grio Lol (38lg5 el b0elB (] 51 o il 00
oy 0aeld Lo 33195 0,90 0acls a5 Luil 5l o Sl
e Al Kz 5, g oolw
PH 5 s 0,58 e .ol wlssl stringent Rejection

simple Acceptance —

Ol 9> w2 Vb 0 o (i 05 4yl 90 Lxil 0 S

ATAA



VEY < VUL Lol VEY [ olanli 5 ks / Y oylans / YEAa/ lié alio witigee Olidios

Proof of capability I [#] Compliance assessment

Dedision rule |Simple Acceptance - Stringent Rejection v]
Type of tolerance \Two-sided VIDinitsare not allowed

Lower specification limit 6
Upper spedcification limit 7

S i o (38195 (6 o ool DS B B g Gldail (5,1 2V U

Figure 2- Compliance assessment and decision rule selection agreed with the customer
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‘ 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%

Oluwlons Qs el g 13810 5 (295 Y UK

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

oS Jahe | 5l ol pis I, o . en“‘s‘_‘:_ el i e s 1 g
Quantity Value Stand. uncertainty Distribution ! |y|ty Quantities with zero contribution
coefficient
Ex 0,0 mv 8,66 mv bt 0,0000314 mv'*
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
s
o 0,00335 1/°C 0,00100 1/°C s 0,00751 °C
Normal
AT -0,50 °C 4,08 °C
PHorin 00 0,0 kles 0,0
Rectangular
PHyeas 00 0,000289 bt 1,00
Rectangular
Juoy _
Ex -0,800 mv 0,291 mv 0,0187 mv*
et Normal -
Exace 0,0 mv 0,115 mv e 0,0187 mvt I
Rectangular
Exreas 0,0 mv 0,0289 mv e 0,0187 mv*
Rectangular
Jley 1
E1rept -1,6200 mv 0,0389 mv 0,0186 mv
Normal
Etnce 0,0 mv 0,115 mv i oo18smvt  |[]
Rectangular
Ereas 0,0 mv 0,0289 mv bt 0,0186 mv*
Rectangular
Jloys 1
Earept 158,9400 mv 0,0163 mv 0,0000955 mv
Normal
Eace 0,0 mv 0,115 mv st 0,0000954 mv*
Rectangular
Enrea 0,0 mv 0,0289 mv e 0,0000954 mv'*
Rectangular
L
H 7,00000 0,00577 0,996
PPance Rectangular -
PHereny 00 00115 o osos |
Rectangular
DHoace 4,0000 0,0115 hates 0,00511
Rectangular
PHazremp 00 0,00577 bt 0,00511
Rectangular
T s 23,00 °C 2,89 °C bt 0,0000504 °C*
Rectangular
Tea 23,50 °C 2,89 °C e 0,0000504 °C*
Rectangular
U(Eis; Tcar) 0,0 0,00158 1,00
U(Eis; Timess) 0,0 0,00157 1,00
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Table 3- Uncertainty of pHx

CA.:A; . J‘»Xh‘ e
Quantity | ol A by Conbd pas | o 4B by Copalad pac Yodigs yeS1b e &
Value Expanded uncertainty | Expanded rel. uncertainty | Coverage factor s Bt
P P ’ g probability
Jboy
pHy 6,985 +0,029 +0,42 % 2.00 95.45 %
Normal
o liel 18 Jgda
Table 4- Validation
6""3')913 PR . - -
CuoS (e ylie) Tt & oy 83U A A A S o 3,10l Conlad pacA
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
6 oy Cuzlad pus ppw CanoS
Rel. contribution Uncert. contribution Quantity
% 62.83 0.0115 PH:remp
% 15.71 0.00575 PHiace
% 14.07 0.00544 Exrept
% 2.22 0.00216 Exace
% 2.19 0.00215 Eiace
% 1.18 0.00158 U(Eis; Tear)
% 116 000157 U(Eis;TmsaS)
% 0.62 0.00114 Other
% 99 0.0145 pHx
=F
S0 - o & |- 100 T
= 5
— &0 - 75 =
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3 =04 [~ S0 g
E 20 - 25 EJ
E [ T T a g
PHiT=mp ExRept | Ejacc | w{Eiz;Tress) | §
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JS Coxhad pas 3 CaoS 2 pili 150017 13400
Chart 2- The impact of each quantity on the total uncertainty
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Table 6- Proof of ability

CaroS Culbld el s lade Lkl Jgd Jlois! 3 Jlois!
Quantity Capability Index Limit value Compliance P-inside P-outside
pHy Yes Cm=17.2 4 Yes 84.930% 15.070%
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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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