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Abstract - The estimation of measurement uncertaint>' is 
a compulsive task of each metrological laboratory which 
has implemented the quality system. This papcr describes 
the factors which can influence the process of calibration 
of a DC voltage standard calibrator, the method for 
calculating the true value of the measured and the 
estimation of the measurement uncertainty. 
Keywords: Standard calibrator, calibration, true value, 
measurement uncertainty. 

I. IMTRODUCTION 

The implementation of a quality system represents one 
of the main requirement which must be satisfied if the 
recognition in conformity with SR EN ISO 17025 [1] 
of metrological laboratory is desired. The recognition 
of the quality system by an accreditation organization 
demonstrates that the laboratory meets the standards of 
quality and technical competency imposed by SR EN 
ISO 17025. The accreditation is based upon this 
agreed standard with specified measurement 
parameters and uncertainties. The estimation of the 
measurement uncertainties and the assurance of the 
traceability to SI of all the standards used are 
compulsive requirements for the laboratory mentioned 
above. 
The article refers to calibration [2] of calibrators, on 
the fiinctions of generating DC voltage within the 
(O ... 1000) Vrange. 
Digital multimeter and meter calibrators are multiple 
use instruments found in most calibration and 
standards laboratories. 
Digital multimeter and meter calibrators provide the 
functions needed to calibrate DMMs and other meters. 
As DMMs have grown in funcţionality, metrology 
laboratories found that an ensemble of single function 
calibrators was required to calibrate the DMMs. The 
newest models are multifunction calibrators that 
provide all or nearly all of the functions needed to 
calibrate most DMMs. 
A typical multifunction calibrator provides one or 
more quantities: direct and alternative current and 
voltage, electrical resistance stimulus. 
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Voltage calibrators, direct current and resistancc 
calibrators are apparatus providing voltages, direct 
current and electrical resistances of scalable or direct 
variable known and fixed values, at the output 
terminals. 
Single function calibrators can be used to complement 
the multifunction calibrator to provide additional 
functions, such as capacitance, inductance. and 
frequency stimulus as well as thermocouple and 
resistance temperature detection emulation. 
Calibrators are designed for calibration and 
verification of apparatus measuring voltage and 
current (analogical and digital voltmeters and 
ampermeters) or electrical resistance (generally, digital 
multimeters). 
From the point of view of displaying the generated 
value, calibrators may: 

- display the generated value on decades and levels 
- display the generated value on a digital display 

II. CALIBRATION 

A. Technical operating conditions 

Reference conditions: 
- environment temperature (23 ± 2) ^C, unless 

technical specification provides othenvise 
- relative humidity (50 ± 15) %, unless technical 

specification provides otherwise 
If reference conditions are not complied with, 
calibration is stopped. 
The generation error of calibrators in reference 
conditions should not exceed the error provided in the 
technical specification of the apparatus. For some 
calibrators, technical book provides the expanded 
uncertainties; in such case uncertainties determined are 
compared with the ones in the specification. 
The value generated by the calibrator, when all 
decades indicate zero, or when display indicates zero, 
should not exceed the value provided by the technical 
specification. 

209 
BUPT



B. Calibrat ion method C. Determining the \alue of the measurand 

Methods used for the calibration [5] are: 
- substitution 
- direct comparison 
- indirect comparison 

The selection of method is made according to the 
accuracy of the calibrator to be calibraied and the 
measured quantit>'. 
For the calibration of calibrators on the function to 
generate electrical direct voltage, we can use two 
meihods: 

- substitution, for calibrators with high accuracy 
- direct comparison, for calibrator with lower 

accuracy. 
For calibration of high-accuracy calibrators on the 
function to generate direct voltage, the muhiple-
function calibrator. is used as standard, and the digital 
multimeter with 8 Vi digits or 7 /2 digits is used as 
measuring mean. 
The assembly method is shown in *'Fig. 1 

Standard 
calibrator 

+ 
Calibrator to 
be measured 

Digital 

multimeter -f 

Fig. 1 Assembly in case of substitution 

Most often, the calibration process may include three 
approaches of the calibration, depending on the 
customers' requests and level of information: 

a) calibration before adjustment, in case we 
notice errors more significant than the 
measurement errors provided in the technical 
specification of the apparatus to be calibrated 

-adjustment (manual or using a software) 
-calibration after adjustment 

b) calibration 
c) adjustment, when the Customer knows that 
the apparatus must be adjusted and informs the 
laboratory thereof 

- calibration 
If errors are more significant than the ones admitted 
by the technical book. the calibrator will be adjusted, 
if possible, and the errors determined prior and after 
adjustment will be specified in the calibration 
certificate. 

The true values of the calibrators are determined in 
the reference conditions. 
In the absence of other indications, the zero 
adjustment is made on the smallest interval (if 
possible). 
Calibrator will be calibrated to the best accuracy, 
corresponding to long-term stability. 
We use standards ensuring: 

stable values of generated quantities 
required resolution 
measurement intervals to cover 
generation intervals of the calibrators to 
be calibrated 
required accuracy/uncertainty 

Determining the value of the measurand and data 
processing, for the calibration of calibrators on the 
ftjnctions of generating direct voltage using the 
substitution method. 
The calibrator generates direct voltages for each 
measuring point; they can be read on the digital 
multimeter display. 
We conduct n readings for each point, in conditions of 
repeatability. We calculate the averageÂ^. 
For the same measuring points. standard calibrator 
generated voltages measured with the same 
multimeter. We conduct n readings for each point, in 
repeatabilit>' conditions. We calculate the averageĂ^. 
We determine the true value [2] according to formula: 

X^Xu^ (Xx - Xqx + SXjx) XQE -SXE' SXoe 

' dXjfJ + SXx (1) 

where: 

A-a-

'Vor 

5X, rx 

the nominal value displayed on the 
calibrator to be calibrated 
average value for n direct voltages 
values generated by the calibrator 
and read on a digital multimeter 
with resolution appropriate for 
measuring 
average value for n zero direct 
voltages generated by the calibrator 
and read on the same digital 
multimeter having the same 
resolution 
correction of calibrator due to 
envirormient temperature 
average value for n direct voltages 
generated by the standard calibrator 
read on the same digital multimeter, 
witli resolution appropriate to 
measuring 
average value for n zero direct 
voltages generated by standard 
calibrator and read on the same 
digital multimeter having the same 
resolution 
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âXi DE 

sx TE 

SX. 

SXx 

ăXs the correction of the value of the 
standard (the values in the 
calibration certificate) 
correction due to time drift of the 

standard 
correction of standard calibrator 

due to environment temperature 
correction due to variations of the 

supply network 
correction due to instability of the 

value displayed by the digital 
multimeter 

In formula (1), the first bracket represents the basis 
for the calculation of the value indicated by the 
calibrator to be calibrated. 
Each element in formula (1) has a certain value and a 
reiated uncertainty [3, 4], 

a) average value X^ , for direct voltage 
generated by the calibrator, for n readings made on 
the digital multimeter in conditions of repeatability, 
is calculated according to the formula: 

n 

the value in the calibration certificate of the standard 
used. 

Unccrtainty of element SXe-

The value of the measurement uncertainty IJ(6X[) 
provided in tlie calibration certificate of the standard 
calibrator,. 

e) Correction due to drift in time of standard 
6Xde is taken into account depending on the data 
provided by the histor>' of the standard used. 

Uncertainty of element âXoL-

Based on die history of the standard, a time drift a is 
evaluated. The associated uncertainty is calculated as: 

SXde)- (6) 

(2) 

O Correction of standard calibrator, due to 
environment temperature âXjt^ is applied only when 
measurements are conducted at a temperature 
differing from the reference temperature and the 
technical book provides temperature correction 
coefficients cţe, for standard calibrator 

Uncertainty of element. Xx 

is calculated: 

n 

I n{n-\) 
(3) 

a = Cte (T-To) - ăXTE ( 7 ) 

Uncertainty of element SXţiţ. 

Applicable only in case the measurement temperature 
differs from the reference temperature. In such case, 
we measure temperature T to which we have noticed a 
variation a. 

b) values and uncertainties for terms Xqx . 
Y ^ are calculated with formulas similar to formulas 
(2) and (3). 

c) average value X ^ for n readings 
conducted with the same digital multimeter, when 
voltage values (delivered by standard calibrator) 
values are calculated by formula 

n 

Xe - - i ^ 
n 

Uncertainty of e l e m e n t _ ^ 

is calculated: 

u(âXTE) = 
V3 

(8 ) 

g) Correction of calibrator, due to 
environment temperature SXţx is applied only when 
measurements are conducted at a temperature 
differing from the reference temperature and the 
technical book provides temperature correction 
coefficients Cţx- The value of "a" is calculated with a 
formula similar to formula (6). 

Uncertainty- of element SXţx. 

Applicable only in case the measurement temperature 
differs from the reference temperature. In such case, 
we measure temperature Tto which we have noticed a 
variation a. 

UfXi:) = 

n 
-

n(n-l) (5) 
ufâXrx) = 

V3 
(9) 

h) Correction due to variations of the supply 
d) The correction of the value of the standard ^ ^ ^ o correction is applicable, thus 

oXe - the difference between the nominal value and 
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(XY;,- 0. 

Uncertainty ol element SXr . 

We estimate the modification of the multimeter 
indication (± a) when there are instabilities in the 
supply netAvork. The uncertainty is estimated: 

Table 1 

u(SXiO ^ 
V 6 

i) Correction due to instability displayed by 
the multimeter to be calibrated SXx- Generally, no 
correction is applicable, thus SXx^ 0. 

Uncertainty of element SXx. 

We estimate the modification of the multimeter 
indication (± a) due to its owti instabiiit>' (depends on 
the apparatus resolution). The uncertaint}' is 
estimated: 

ufâXxJ 
VI 

(11) 

The composed standard uncertainty is calculated: 

U,(XJ = (12) 

(13) 

The expanded standard uncertainty (for k = 2) 
associated to the value of measurand is: 

U = KX UCFX) 

The standard uncertaint>': 

UC(X) = = 2.9/JV 

The expanded uncertainty [3, 4J was calculated using 
a coverage factor k ^ 2, which correspond to a 
confidence level of » 95%: 

The reported results are: X = 0.999 977 V, 

U = 6^V 

An example for estimation of standard uncertainty for 
multifiinction calibrators for 1 V, is shovvn in table 1 

(10) 

Quan Estimate Standard Probability Sen- Uncer-
-tity unccr- distribution sibi- tainty 

taint>' lity contri-
coe- bution 

Xi u(x.) fici-

X. ent 

c, 

u.(y) 

1 V 0 0 

0.9999740 V 0 086 nV Normal l 0.086 ^V 

XQX 
-0.0086 mV 0 086 mV Normal l 0.086 îV 

âXrx 0 0 Rectangular 1 0 

~E 
-0 9999923V O.OHmV Nomial 1 O.Oll^V 

^OE 
0 0045 mV 0.011 ^V Normal 1 O.Oll^iV 

SXE -0.0000008V 0.6^iV Normai 1 0.6tiV 

SXoE 0 28MV Rectangular 1 2.8MV 

6XTE 0 0 Rectangular 1 0 

SXn 0 0.24uV Tri angular 1 0.24nV 

X 0.999 976 8 V 2.9 uV 

III. CONCLUSIONS 

To calculate the true value of the measurand and to 
estimate the measurement uncertainty represent two 
essential requirements for traceability assurance. 
The influence of each of the quantities mentioned in 
this paper is different from a measurement method to 
another. 
Thus, for each method of measurement the uncertainty 
has to be calculate in a particular way. 
According with SR EN ISO 17025:2001 authorized or 
accredited metrological laboratories have their own 
calibration procedures which include how to estimate 
the uncertainty for the measurement method used. 
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