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Calibration

Calibration is a comparison between measurements
(best and unknown).

The device with the known or assigned correctness
Is called the standard.

The second device Is the unit under test
IS called the test instrument.
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Test Device The Standard

|
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Mass Calibration Instruments




Voltage Calibration

Very Sensitive Voltage generator is used.




Temperature Calibration
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Important Functions used In
Measurement & Calibration

1. Gaussian Function

p(X) = jg exp - (Xz‘a‘j) ]

Mean: [
Std.Dev: o




Important Functions for
Measurement & Calibration

2. Rectangular Distribution
Mean: M

a
Std.Dev: oc=—
J3

P(«Y)‘ < >l

0

a+
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Important Functions for
Measurement & Calibration

3. Triangular Distribution

Mean: M

a
Std.Dev: o=—
J6

P, e

a. M 0[4_
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Example: Voltmeter Calibration

Consider a precise Voltage Generator outputs 10.0 V.
10 voltage readings have been observed via
5-digit Voltmeter as follows:

# Measured wvalue
=== mem——————————- An example reading
1 10.00001

2 10.00003 = Voltmeter
3 10.00002 + o

4 10.00001 — o m V
5 10.00002

6 10.00003

7 10.00003

8 10.00002

9 10.00002
10 10.00001
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Possible uncertainties:

Calibrator uncertainty (Kalibratorun belirsizligi)

Shift in calibrator value  (Kalibrator degerinin kaymasi)
Resolution of voltmeter  (Voltmeter ¢cozunurlugu)
Repeatability (Tekrarlanabilirlik)
Uncertainty due to cables (Kablodan kaynakli belirsizlik)

Calibrator Test device
A precise Voltage Generator A voltmeter

- Voltmeter

+ @
T e
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Possible uncertainties Value Distribution
« Calibrator uncertainty* 20 uV with 95% CL Gaussian

« Shift in calibrator value* 0.5 pV Rectangular
* Resolution of voltmeter  10/2 uVv Rectangular
* Repeatability 8.16 uVv Gaussian

« Uncertainty due to cables Negligible :

* This value can be obtained from the certificate (hand book)
of the calibrator.
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Calculations:

Calibrator uncertainty* 20 uV with 95% CL Gaussian

O certificae _ 20 HV

Jcalibrator = — 10 MV
K
Shift in calibrator value* 0.5 uVv Rectangular
0.5uV

O shift = T =029V
Resolution of voltmeter  10/2 uV Rectangular

o =021V 5 a9y

J3
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Repeatability 8.16 uVv Gaussian

# Measured wvalue

1 10.00001 ] L

2 10.00003 o — _Z(XI_)—()Z ~8.16 1V
3 10.00002 9-1%

4 10.00001

5 10.00002

6 10.00003

7 10.00003 o _8-16HV_258 v
8 10.00002 Orep = N Ji0 H
9 10.00002
10 10.00001

mean 10.00002000
std 0.00000816
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Total uncertainty:

2 2 2 2
Gmm=J0cwmmH%7mm+Gr%+er

= /10.002 +0.292 + 2.892 + 2 582
=10.73 uv

Extended uncertainty:

o, =kxo,.,=2x10.73 uV=21.46 uv

e

Result:

V=10.00002000 + 0.00002146 V
or

V=10.00002000(2146) V
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Our test device shows 5 digits after decimal point.
So the value must be reported as:

V=10.00002 £ 0.00002 V

or

V=10.00002(2) V

Olgiimlerin ortalamasi1 10.00002 V ve belirsizlik 2 pV’dur.

Kalibrasyondaki belirsizlik “Guide to the Expression of Uncertainty in
Measurement (GUM, ISO 1993)” dokiimanina uygun olarak
hesaplanmistir. Kalibrasyonun toplam belirsizligi genisletilmis
belirsizlik olup, bilesik belirsizlikten kapsam faktorii k = 2.0
kullanilarak elde edilmistir. Guivenilirlik diizeyi % 95’tir.
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Writing Report

At the end of your calibration, you should
prepare a report and present it to the company.

Here is sample report related to the calibration of a
Digital Multimeter.
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Example: Measuring with Calipper

Purpose:
Estimation of the measurement uncertainty by measuring
a reference object (=mastar) whose length is 15.2 mm.

‘-:-b-huh.u.u om"nb.d:m: 1 1o
8 f

——— Reference Instrument (Calliper)

D — E— ]

Measured Object

—

Air Temperature 25 C

Sayfa 23



Environmental Temperature :

L]
'l ? .
%= Deviation of Environmental Temperature

Length of Object :

ﬂ Resolution (Caliper) :
Linear Thermal Expansion Coefficient

(Caliper) :

Linear Thermal Expansion Coefficient
(Object) :

Uncertainty Contribution:

due to calibration certificate of the caliper
due to resolution of the caliper

due to thermal expansion

due to Mechanical effects

due to repeatability

25 °C
+5°C

15,2 mm
0,01 mm
11,5-10°0 K-

11,5106 K-
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Calculations:
1. Uncertainty Contribution due to Calibration Certificate of the Caliper

Caliper is Calibrated in an Accredited Calibration Laboratory.
Calibration uncertainty is:

U=+-(10 +20x10°L)um [Linmm, k=2,95% CL ]
Measurement Uncertainty is declared in the Calibration Certificate.

* Standard measurement uncertainty:

Ocerificee 10+20x10™°L 10+ 20x107° x15.2x1000

K 2 2

* Sensitivity coefficient: c =1

5.24m

* Contribution: o, =Co =1x3.2um=5.2um
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2. Uncertainty Contribution due to Resolution of the Caliper

The Resolution of the Digital Caliperis a =0.01 mm/2 =5 ym.

* Standard measurement uncertainty (rectangular):

o =M 9 9.m

J3

* Sensitivity coefficient: c =1

* Contribution: o, =Co =1x2.9um =2.9um
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3. Uncertainty Contribution due to thermal expansion

The Change of environmental temperature (At), induce change of the

Calipers and Objects Length. If the Physical Change of Length is AL, then:
AL =L a At

a :Linear Thermal Expansion Coefficient,

At : Temperature Change,

L : Nominal Length

* Standard measurement uncertainty (rectangular):

O = Al =5K =2.9K
3 /3
* Sensitivity coefficient:
O = ﬁ(LaAt) = La =15.2x1000x11.5x10°° = 0.18um/ K

* Contribution: Oy, =Co = 0.54Mm
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4. Uncertainty Contribution due to Mechanical Effects

During Measuring the Object with Caliper, it is possible to encounter form
errors due to mechanical forces. This Contribution is estimated to as the
resolution of the Caliper: a = 10 ym.

* Standard measurement uncertainty (rectangular):

Gzloﬂ=5.8,um

NE]

* Sensitivity coefficient: c=1

* Contribution: O mec = CO =2.8um
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5. Uncertainty Contribution duo to Repeatability

Consider we have obtained 5 different measurements results as follows:
15.21, 15.23, 15.20, 15.21, 15.22

=> Mean = 15.21 mm

=> Std = 12 um

* Standard measurement uncertainty (rectangular):
o 12um

“Jn 5

* Sensitivity coefficient: c=1

=95.4um

O

* Contribution: o, =Co =5.4um
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Total Measurement Uncertainty (u) and
Expanded Measurement Uncertainty (U)

Input Estimated Probability Standard Sensitivity Uncertainty Variance
Quantities Values Distribution Uncertainty Coefficient Contribution

1 10.4 um Normal 5.2 um 1 5.2 um 27.0

2 5.0 um Rectangular 2.9 um 1 2.9 um 8.4

3 5.0 K Rectangular 2.9 K 0.18 um/K 0.5 um 0.3

4 10.0 um Rectangular 5.8 um 1 5.8 um 33.7

5 15.21 um Normal 5.4 um 1 5.4 um 28.8

Total measurement uncertainty u sqrt (sum) = 9.9 um

Expanded Measurement Uncertainty U
Final Result:

2*sqrt(sum) = 19.8 um = 0.02 mm
Y = (15.21 +- 0.02) mm

Y-U S YS<y+0U
15.21 mm - 0.02 mm < Y < 15.21 mm + 0.02 mm

15.19 mm £ Y £ 15.23 mm
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Example: Pressure Calibration

Pressure (symbol: p or P)
IS the force applied perpendicular to the surface of an object per unit
area over which that force is distributed.

A A .f
F

/Y / *i..’l °."¢,’,¢,

Pressure as exerted by particle
collisions inside a closed container.

p-_
A
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Units of Pressure

p_F

A

= Slunitis the pascal (Pa) Pa=N/m?2=kg.m1s2,

= 1 bar=10°Pa

= Jlatm=1.01325x 10°Pa=1 bar

= 1 Torr=133.3224 Pa= 1 mmHg

= 1 psi=6.8948 x 102 Pa = Ibf / in? (pound per square inch)

See also:
http://en.wikipedia.org/wiki/Pressure
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Sample : Manometer Referance

Measure- decreas Devia-
ment -ing tion
(bar) (bar) ( bar)
0,0 0,00 0,00
1,0 1,00 0,00
2,0 2,20 0,20
3,0 3,10 0,10
4,0 4,00 0,00
5,0 4,80 -0,20
6,0 5,90 -0,10

MAXMIN

ae2008
Repeated Mesurements at p = 6 bar
n 1 2 3 4 5
X; (bar) 5,90 5,91 5,93 5,89 5,92
) Data

Uncertianty of Referance from its cerificate = 1 mbar

Resolution of the reference : = 0,5 mbar
Auccuracy of Referance (drift) : =~ 0,5 mbar
Manometer max value : 6 bar

Resolution of manometer: 0,2 bar
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Sources of Uncertainties

Uncertianty of Referance from its cerificate

Resolution of reference

Accuracy of the referance

Manometer resolution

Manometer Hysteresis

Repeatability

Extented uncertainty
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Lab results:

1 mbar [k=2, %95 CL ]

See calibration certificate of the reference I

Standard calculation u U _ 110 bar _ 110°° bar

i e = =0,510° bar
Kal k 2
S itivi ff.
- ensitivity coe - c=1
Uncertainty u(dUy,) = Usu, ° Coug = 0,5-10_3 bar - 1= 0,5-10_3 bar
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Resolution of Digital Referance apparatus a, = 0.001 bar

Reading error:
0. = agr/2=0,001bar /2 =0.0005 bar

Standard calculation u = 53.R _ 0,0005 bar =0.0003 bar
— Em— R \/§ \/5 !
jensitivity coefficenL C — 1
Uncertainty u(5aR) = ué‘aR . CﬁaR =0.0003 bar - 1=0.0003 bar
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Referans Cihazin daha dnce yapilan kalibrasyonlarina ait sertifika degerleri mevcut ise
Driftin (Kaymanin) Belirsizlik katkisi1 hesaplanir. Eger herhangi bir Drift bilgisi yok ise,

referans cihazin ureticisi tarafindan beyan edilen dogruluk (Accuracy) bilgisinden
faydalanilir:

6Dr= 0.5 mbar = 0.0005 bar

_8Dg _ 00005 bar

Standard Calculation Usp, = Na Ne =0,0003 bar
Sensitivity cooefficinet C= 1
Unvertainty u(SDR)=u5DR * Copy =0,0003 bar - 1=0,0003 bar
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Reading error:

da, = ay =0,2 bar

Standard calculation Usp, = \/g = \/5 =0.12 bar
Sensitivity coeff. C5a —
— — N
_ Unceliniy s u(day)=u, - Cg =012 bar - (1)=0.12 bar
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Take measurement points first in increasing and then in decreasing order.
Maximum variation (deviation) between the values is known as hysterisis error.

O6H, = 0.3 bar

Standard calc. u — éHN — 0.3 bar —0.18 bar
— oHy \/§ \/g
Sensitivity C(SH =1
— N
Uncertinity U(GHy)=Ug4 - Cy =0.18 bar - (1)=0.18 bar

Hysteresis is the time-based dependence of a system's output on
current and past inputs.
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O )

Aritmetik Mean

Standart Deviation

n 1 2 3 4 5
X; (bar) 5,90 5,91 5,93 5,89 5,92 Zn:(xi — %)
% = szi _ 590+591+593+589+5,92 _591 bar 8S  =S= HT —- 0,016 bar
nis 5
. oS 0,016 bar
Stanard calculation _ N _ ™ _
- L Uss,, = =0,007 bar

Uncertainty

~Vn

J5

u(dSy) =ug, =0,007 bar
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0 Extented uncertainty

Combined uncertainty :

I ]

Ue =+/(0,5107%)2 +(0,1210%)2 +(0,3x10%)? + (0,03) + (0,18)% + (0,007)> =0,2 bar

Extended uncertainty

I |

U=k -U.=2x0.2 bar =0,4 bar

Relative Measurement Uncertainty:

U 0.4 bar
URel = =
Full Scale 6.0 bar

=0.067 =6.7%
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BUDGET OF MEASUREMENT UNCERTAINTY (OLCUM BELIRSIiZLiGi BUTGESI)

INPUTS Estimated Distribut- Standart Sens. Uncertainty Variance
ion Measurem- | Coefficie | contibution
ent nt
uncertainty
bar bar2
X(i) X; N, u(xi) C, u;(y) uz(y)
1 | Cerrificate Error Ug 1-10-2 bar G=1 0,5-102 bar 1 0,5103 0,25-10%
2 | Reference Resolution day 0,0005 bar Rectangle 0,0003 bar 1 0,0003 9-10-10
3 | Refernce drift oD, 0,0005 bar Rectangle 0,0003 bar 1 0,0003 9:108
4 | Manometer resolution 53_N 0,05 bar Rectangle 0,03 bar 1 0,03 9-104
5 | Hysteresis OHy 0,3 bar Rectangle 0,18 bar 1 0,18 0,0324
6  Repeatability oSy 0,016 bar G=1 0,07 bar 1 0,07 0,0049
Z uz(y)= 0,04

Combined measurment uncertainty :

Uc = VZ u?(y)= V0,04=0,2 bar

Extended measurment uncertainty :

U=uc-k=0,2bar-2=0,4 bar

Resulkt :

Y=y U=591bar

y-UsY<sy+U

5,91 bar—-0,4 bar<Y <5,91 bar + 0,4 bar

5,51 bar <Y = 6,31 bar

0,4 bar
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Example: Mass Calibration
Tubitak UME has one prototype of 1 kqg.

10% Iridium

90% Platinium
Density: 21.5 kg/m3.

39 mm

|A
hl

kg - PROTOTIPI
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MESURING THE DEVIATION

Referance Value Measured Value Deviation
g

199,999

Referance Value Measured Value
N¢ kg

50 51,50
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g——
I I RESOLUTION < y

S

M KAPASITE

2

| 500.0 0 0

IS —==
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Kontrol agiliklari, elektronik ve mekanik terazilerin ayar ve 4 \

: kontroliinde kullanilir. Terazilerin dogrulugu, yergekimi ivmesine ’
ContrOI WEIghtS bagl oldugu igin, kontrol agirliklarinin 6nemi daha da ‘
artmaktadir. Bu nedenle, teraziler yerleri degistigi zaman
agirliklar ile tekrar ayarlanip kalibrasyonu yapilmalidir.

Leaf (Yaprak Agirliklar) Wire (Tel Agirliklar)

Weigth Set Cylindrical Weigths Block Weigths
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CLASSIFICATIONS

-Analitik terazilerin ve =, sinifi agirliklarin
kalibrasyonunda kullanilir

-Yuksek vasifli paslanmaz gelik

-Antimanyetik

-Tek parga

-Yuzeylerinde sinif ve nominal deger ibaresi yoktur.

-Ulusal agirlik standardlari ile =, sinifi
arasinda izlenebilirligi saglar
-Yuksek vasifli paslanmaz gelik
-Antimanyetik

-Tek parca

-Yuzeylerinde sinif ve nominal deger ibaresi yoktur.

-1. ve Il. Sinif terazilerin ve F, sinifi agirliklarin -Il. Sinif terazilerin ve M, sinifi agirliklarin
kalibrasyonunda kullanilir kalibrasyonunda kullanilir

-Yuksek vasifli paslanmaz gelik -Yuksek vasifli paslanmaz gelik

-Antimanyetik -Antimanyetik

-Ayar haznelidir -Ayar haznelidir

-Ylzeylerinde nominal deger ibaresi vardir -Yuzeylerinde sinif ve nominal deger ibaresi vardir

-Ill. Sinif terazilerin ve M., sinifi agirliklarin -Ill. ve IV. Sinif terazilerin ve M, sinifi agirliklarin
kalibrasyonunda kullanilir kalibrasyonunda kullanilir

-Celik, Piring, Dokme demir malzemeli -Celik, Piring, DOkme demir malzemeli
-Antimanyetik -Antimanyetik

-Ayar haznelidir -Ayar haznelidir

-Yiizeylerinde sinif, nominal deger ve Ureticisini -Yiizeylerinde sinif, nominal deger ve Ureticisini
belirten ibareler vardir belirten ibareler vardir
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IONS (AGIRLIKLARIN SAPMA SINIRLARI) (OIML R111)

Max=1200g | NemnalBeger | B L Q s | smn | seh | swn | sew | s
d =10 mg mg mg mg mg mg mg mg mg mg
1 mg 0.003 0.006 0.020 0.06 0.20 - - - -
2 mg 0.003 0.006 0.020 0.06 0.20 - - - -
5 mg 0.003 0.006 0.020 0.06 0.20 - - - -
10 mg 0.003 0.008 0.025 0.08 0.25 - - - -
20 mg 0.003 0.010 0.03 0.10 0.3 - - - -
50 mg 0.004 0.012 0.04 0.12 0.4 - - - -
100 mg 0.005 0.015 0.05 0.16 0.5 - 1.6 - -
2000 mg 0.006 0.020 0.06 0.20 0.6 - 2.0 - -
500 mg 0.008 0.025 0.08 0.25 0.8 - 2.5 - -
1 g 0.010 0.03 0.10 0.3 1.0 - 3.0 - 10
2 g 0.012 0.04 0.12 0.4 1.2 - 4.0 - 12
5 g 0.016 0.05 0.16 0.5 1.6 - 5.0 - 16
10 g 0.020 0.06 0.20 0.6 2.0 - 6.0 - 20
20 g 0.025 0.08 0.25 0.8 2.5 - 8.0 - 25
50 g 0.03 0.10 0.3 1.0 3.0 - 10 - 30
_. 100 g 0.05 0.16 0.5 1.6 5.0 - 16 - 50
200 g 0.10 0.3 1.0 3.0 10 - 30 - 100
500 g 0.25 0.8 2.5 8.0 25 - 80 - 250
1 kg 0.5 1.6 5.0 16 50 - 160 - 500
2 kg 1.0 3.0 10 30 100 - 300 - 1 000
5 kg 2.5 8.0 25 80 250 - 800 - 2 500
10 kg 5.0 16 50 160 500 - 1600 - 5000
20 kg 10 30 100 300 1000 - 3000 - 10 000
50 kg 25 80 250 800 2500 5000 8 000 16 000 25000
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kil sabit test kosullar altinda, ayni yukiin terazi kefesi tizerine tekrar
Repeatlblllty TESt tekrar konmasindan olugmaktadir.

Bu test, terazinin miumkiin oldugunca normal ¢aligma sartlari ve @“’

v T Tekrarlanabilirlik Test Agirligi = 500 g
| I Mesure- Measured value Deviation
ment No (W)

g g

1 500 0

2 500 0

3 499 -1

4 501 +1

5 498 2

Olgiim Degerleri Ortalamasi

W:% - iwi

Standard Sapma

1 : —
SZJ(n—l) 2w

i=1
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Corner load test

(Kose Yuku Testi)

Bir test yukiiniuin terazi kefesi lizerine yukiin agsagidaki resimde
belirtilen pozisyonlar alacak sekilde farkl pozisyonlara

yerlestiriimesinden olusur.

@

Kose Yiikii Test Agirligi =1 000 g

Position Measured Dev.
value
g g
1 (Center) 999
2 (front left) 1002 +3
3 (back left 998 -1
4 (front right 1000 +1
5 (back rigth 1001 +2
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Bu test, normal tartim araliginda veya miisterinin belirlemis
= ~ oldugu minimum ve maksimum test noktalarinda oldukga esit

Dog "..“Uk Tes" sekilde dagitilan en az 5 farkl test yiikleri ile yapilir. Bu testin
amaci, cihazin performansinin tiim tartim araliginda

degerlendirilmesidir.

(Linearite Testi)

v TS Maksimum Kapasite = 1000 g
| I Test Agirliklari Olgiilen Degerler Sapma
(W)

9 e g

Minimum = 100 99 -1

Maks %25 = 250 251 +1

Maks %50 = 500 500 0

Maks %75 = 750 749 -1

Maksimum = 1000 998 -2
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