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3Euramet cg-18



Calibration of non-automatic weighing instruments (NAWI)

Non-automatic weighing instruments have become ubiquitous for applications in the laboratory, on the 

production floor and in many other business areas (retail, pre-packaging, vehicle weighing, etc.). Due to their 

importance, calibration guidelines have been developed by many different organizations, 

especially since electronic weighing instruments were established on the market. Traditionally, 

these calibration guidelines were applied on a national level as the underlying issuing organizations were 

either national metrology institutes, national accreditation bodies or other nationally recognized organizations. 

As a consequence of an effort to harmonize the requirements for the calibration of NAWIs on an 

international level, the guideline EURAMET cg-18 "Guidelines on the calibration of non-automatic weighing 

instruments" was developed by the leading European metrology institutes. It is now widely applied by 

calibration laboratories in Europe, and many national accreditation bodies take it as the state-of-the-art 

reference for accreditation of calibration laboratories7. The guide has been adopted by SIM (Sistema 

Interamericano de Metrología) and thus is formally recognized by the regional American metrology 

organizations. Furthermore, it is also applied by several calibration laboratories in Africa and Asia, however not 

yet systematically. 

Due to its widespread use, the EURAMET cg-18 calibration guide is the most frequently used reference 

document for the calibration of NAWIs. There are recent activities in the US, triggered by ASTM, who are 

interested in taking over the methodology of cg-18 and transposing it into an ASTM standard, which could 

potentially serve as a future national calibration guide for the US.

Euramet cg-18 4
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Why Do We Calibrate ?



6
Why Do We Calibrate ?

To Understand the behavior of the 

instrument

Know how accurate our measurements

really are determined of measurement             

uncertainty

Establish metrological traceability to the 

SI unit kg



7
Traceability to the SI unit kg

Test Weight , MT-TH 

Weighing Instrument 

National weight standard , Switzerland

Calibration Lab By Swiss Accreditation Service (SAS)

Planks constant , 2019
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Display [kg]m1 kg

Accuracy means that the MEASUREMENT UNCERTAINTY of the 

instrument is always less than/equal to the PROCESS 

TOLERANCE.

m2 kg m3 kg

P
ro

ce
ss

 t
o

le
ra

n
ce

Measurement 
uncertainty of 

m1

Measurement 
uncertainty of 

m2

Measurement 
uncertainty of 

m3

OK Fair Not OK

Accuracy 9



EURAMET: Contributions to the Uncertainty of EOI

d0 / √12 Rounding error of no-load indication

dI / √12 Rounding error of indication at load

s Repeatability (standard deviation)

u(δIecc) Eccentricity (off-centre position)

u(δmc) Weight uncertainty (alternatively: max. permissible error)

u(δmB) Uncertainty due to air buoyancy

u(δmD) Uncertainty due to drift of weight value over time

u(δmconv) Uncertainty due to convection

MEASUREMENTS

FROM DEVICE

FROM WEIGHTS

10



Accuracy Calibration Certificate page 1 of 5 11

d0 / √12  Rounding error of no-load 

indication

dI / √12   Rounding error of indication at load

1&2

Calibration Laboratory Data

Certificate Name

Customer Data

Weighing Data

Calibration Procedure
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Ex เคร ือ่งช ัง่อา่นละเอยีด 0.1 g

เคร ือ่งช ัง่จะอา่นได ้= 0.1 g

Rounding Error

% Rel. Error=
0.1𝑔−0.05𝑔

0.05𝑔
x 100 

% Rel. error = 
𝑒𝑟𝑟𝑜𝑟

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
x 100

% Rel. Error= 100%

ถา้วางน ้าหนักจรงิ = 0.05 g
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S    Repeatability (standard deviation)
3

4

u(δIecc)   Eccentricity (off-centre position)

A test load of about 50% of max capacity to max capacity

1

2

3 4

5

𝑆 =
1

𝑛−1
σ𝑖=1
𝑛 𝐼 𝑖 − ҧ𝐼 2

The test  load should be about 1/3 of max capacity

∆𝐼𝑒𝑐𝑐= 𝐼𝐿𝑖 − 𝐼𝐿1
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0% of max capacity

25% of max capacity

50% of max capacity
75% of max capacity

100% of max capacity
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16Nonlinearity (NL)



Nonlinearity (NL)

}
Error of Indication

17
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Uncertainty from weights 2 of 4 20

Laboratory at 77 Floor

Laboratory at 7 Floor



Uncertainty from weights 3 of 4 21

u(δmD) Uncertainty due to drift of weight value over time7

Old Calibration

Certificate

New Calibration

Certificate



Uncertainty from weights 4 of 4
22

u(δmconv) Uncertainty due to convection8

Store weights close to the balance, to ensure both balance and weights is the same ambient temperature



Accuracy Calibration Certificate 23

Expanded Uncertainty, U(E) the expanded uncertainty of measurement

has a coverage probability of 95.45 %. 



U(E) = k * u(E)

Accuracy Calibration Certificate

24

The true value 

(which is unknown) 

shall be with a 

probability of 95% 

within ± U around the 

measured value

Accuracy Calibration Certificate



25Evaluation of Balance

|Error|+Uncert Tolerance Verify

0.17mg 0.3mg Pass

0.18mg 0.3mg Pass

0.18mg 0.3mg Pass

0.18mg 0.3mg Pass

0.18mg 0.3mg Pass

0.18mg 0.3mg Pass

0.30mg 0.5mg Pass

0.32mg 0.5mg Pass

0.28mg 0.5mg Pass

0.49mg 0.7mg Pass

0.45mg 0.7mg Pass

Base on ILAC-G8:03/2009
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Uncertainty in Use (Unc. of a Weighing Result)

𝑑0
2/12 Rounding error at zero

𝑑𝐿
2/12 Rounding error at load

𝑠2 𝑅 Repeatability (standard deviation)

𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑒𝑐𝑐 Eccentricity (off-center position)

𝑢2 𝐸 Uncertainty of the error

𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑡𝑒𝑚𝑝 Variation of temperature (change of characteristic)

𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑏𝑢𝑜𝑦 Variation of air density

𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑡𝑎𝑟𝑒 Tare function (nonlinearity of instrument)

𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑡𝑖𝑚𝑒 Creep and hysteresis

𝑢2 𝑊

=
𝑑0
2

12
+
𝑑𝐿
2

12
+ 𝑠2 𝑅 + 𝑢𝑟𝑒𝑙

2 𝛿𝑅𝑒𝑐𝑐 𝑅2 + 𝑢2 𝐸

+ 𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑡𝑒𝑚𝑝 + 𝑢𝑟𝑒𝑙

2 𝛿𝑅𝑏𝑢𝑜𝑦 + 𝑢𝑟𝑒𝑙
2 𝛿𝑅𝑡𝑎𝑟𝑒 + 𝑢𝑟𝑒𝑙

2 𝛿𝑅𝑡𝑖𝑚𝑒 𝑅2

The uncertainty in use is outside the scope of an accreditation as it is 

interpretation, however extremely useful for the user!

27



ACC Certificate 28

Core Annex

ACC Certificate
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Weighing Tolerance

• % ความผดิพลาดทีย่อมรบัได ้
ของ User

• 0.10% จะใชก้บัอตุสาหกรรมยา
(USP41)

• 1% จะใชก้บัอตุสาหกรรม
อาหารและเคมี

Smallest Net Weight

• น ้าหนักต ่าสุดที ่User ใชง้าน



Set up Tolerance of weighing
31

1. How amount of weight you want to measure?

2. How much of error you accept?

3. Calculate relative error and % Rel. error?

0.01 g

± 0.0005 g

% Rel. error = 
𝑒𝑟𝑟𝑜𝑟

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
x 100

% Rel. error = 
0.0005𝑔

0.01𝑔
x 100

= 5%
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Minimum weight meet 

in process tolerance

Minimum weight ( 1 ≤ SF ˂ 2 )

Smallest net weight requirement



33GWP Certificate  page 2 of 4

Example;

MW= [0.00018*2] / (5%-0.00000769*2)

= 0.00036/(0.05-0.00001538)

=0.00036/0.04998462

Approx.=  0.0072g



34GWP Certificate  page 3 of 4

(control limit = weighing tolerance * smallest net weight / k)



35GWP Certificate  page 3 of 4

(control limit = test weight * weighing tolerance / 2)



36
GWP Certificate  page 4 of 4

(control limit = test weight * weighing tolerance / 2)
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For internal use - Confidential

Good Weighing Practice (GWP®) 37

For internal use - Confidential

ACC and GWP 

Certificate
Device meets ACC 

requirements 

GWP Recommendation  
Selection of the right device

IPac
Professional installation 

and configuration 
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10g 100g 500g 1000g

Am I in the safe 

Weighing Range?

Only after a calibration do we know if the weighing results are sufficiently accurate enough

? ? ? ?

SNW = SNW =SNW =SNW =

The sample that you wants to weigh
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Smallest Net Weight2

▪ The smallest amount of 

net sample mass that the 

user wants to weigh

▪ More Smallest Net Weight 

that more than Min 

Weight

▪ The weighing error that is 

acceptable, specified as ±

percentage

▪ More Weighing Tolerance 

have smaller Min Weight

Weighing Tolerance1

▪ The performance of a 

balance is influenced by a 

variety of factors and will 

therefore change over 

time.

Safety Factor3

Process Requirements
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▪ Consideration of a Safety Factor:

- The performance of a balance is influenced by a variety of factors and will therefore 

change over time.

Variability of Minimum Weight – Safety Factor

▪ Minimum Weight



Questions on Process Tolerance and Safety Factor 41



Questions on Safety Factor 42



10 cm 2

1000 cm (10 m) 2

2

Drilling holes 12 cm 

apart instead of 10 cm

Serious 

ERROR!

Constructing a 10 metre fence with an error of 2 

centimetres

Acceptable 

Error

100 000 cm (1 km)

Running 2 centimetres more than 1 km

Negligible Error

How Large is the Error now?



Determining Error

Absolute 

Error

2

2

2

Error = Measured – Correct value

12 – 10 = 2

1 002 – 1 000 = 2

100 002 – 100 000 = 2

Relative error = Error ÷ Correct value

2 ÷ 10 = 0,2 → 20%

2 ÷ 1 000 = 0,002 → 0,2%

2 ÷ 100 000 = 0,00002 → 0,002%

10 2

1 000 2

100 000 2

Correct

value

Measured

value

10 12

1 000 1 002

100 000 100 002 

Relative

error

20%

0,2%

0,002%

cm

cm (10 m) 

cm (1 km) 



Pass / Fail assessment contradiction

Comparing absolute and relative tolerances (same results)

45

Wrong decision 

Type II

Wrong decision 

Type I

The worst decision of a Pass / Fail statement is if we 

accept (Pass) a wrong result

Absolute 

value

OR

Relative 

value?



46GWP Certificate
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Load

Weighing Tolerance [%]

Relative Measurement Uncertainty [%]

Minimum Weight

Safety Factor

Safe Weighing Range

Minimum Weight at Safety Factor Required

Measurement Uncertainty [%]

Smallest Net Weight

GWP Certificate  page 1 of 4

Amounts weighed in practice, i.e. Smallest-Net-Weight, (SNW) should not be less than the Minimum 
Weight but taking into consideration the safety factor.

Weighing below the minimum weight → Results outside Process Tolerance
Weighing above the (minimum weight  x Safety  Factor) → Safe Weighing Range



Calibration and Minimum Weight 48

The minimum weight increases as the tolerances become more critical as shown from this 

extract from a calibration certificate which included this invaluable information as an 

annex.

Because of drift and the influence of the environment etc. it should not be assumed that 

the minimum weight will remain constant with time. 



49GWP Certificate



USP Chapter 1251 50

▪Balance Environment:

- The balance is placed in a suitable location with sufficiently low levels of 

vibration and air current.

- The balance and the surrounding Over an extended period of time, 

balance drift and other work area have to be kept neat and tidy.

- When a balance is moved, it must be allowed to adjust to the 

temperature of  its new environment and be recalibrated.

▪ Performance Qualification of Balances:

- Repeatability

- Sensitivity

- Eccentricity

- Linearity

- Use of built-in weights

▪Consideration of a Safety Factor

▪Balance Uncertainties

▪Weighing the Material
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▪ Environmental parameters can have an influence on weighing:

- Temperature and direct sunlight

- Air currents

- Electrostatic and magnetic forces

- Vibrations

▪ Installation location should be carefully considered so as not to 

adversely affect balance performance:

- Use a stable weighing bench

- Protect against electrostatic charges

- Minimize air currents (by instrument design)

Installation and Location



EQPac Comprehensive Qualification 52

▪Audit Proof:

- Pass/fail statements and documentation 

of parameters are used to rigorously qualify 

the equipment at every step Sensitivity

▪ Lifecycle Management Tool:

- Equipment details, setup, expanded 

function testing, performance testing and 

maintenance plan are thoroughly 

documented to prove compliance from day 

one.

▪Recommended for following industries:

- Pharma, Biotech, Cosmetics, 

Food, Hazardous, Medical, Chemical 

Ingredient Suppliers



53Installation Qualification (IQ)

▪The purpose of an Installation Qualification is to demonstrate installation 

conditions are appropriate, equipment has been received as ordered, all 

documentation, manufacturer certificates and drawings are available, site 

requirements are appropriate, and equipment can be installed and put into 

operation successfully.



Operational Qualification(OQ) 54

▪The purpose of an Operational Qualification is to demonstrate that the 

product meets its predetermined specifications and quality attributes. The 

functional tests required to fulfil this purpose are listed below. Functional 

procedures that are not applicable for this installation are not recorded in 

this section.



55USP Chapter 41

The United States Pharmacopeia (USP) has stringent requirements for 

balances used for weighing analytes for quantitative measures.

General Chapter 41 sets three distinct requirements used for materials that must 

be accurately weighed in order:

▪ Calibrated over the operating range

▪ Repeatability

▪ Accuracy



Performance Checks 56

▪ The tests for random and systematic

errors  USP General Chapter 41 

"Balances"

▪ The acceptance criterion tests is 0.10 %, 

identical to USP General Chapter 41

1

2



Test of Repeatability (Precision) 57

▪Repeatability is dominant at the lower end 

of the measurement range

▪ Therefore, a test load no more than 5 % 

is suggested

▪ E.g. a 10 g test load for a balance with a 

nominal capacity of 200 g

▪One important user requirement is the 

smallest net weight, not to be confused 

with minimum weight



Test of Repeatability (Precision) 

▪ In this example, for an Analytical 

balance with a readability d = 0.1 

mg, the calculated standard 

deviation for the as left assessment 

is smaller than 0.41d

▪ Therefore, for the assessment, the 

standard deviation is replaced by 

0.41d = 0.000041 g

58

< 0.10 %



▪ The minimum weight should not be confused with the smallest net weight:

▪ The smallest net weight is a user requirement and describes the smallest amount of 

net sample mass that the user wants to weigh on the balance

▪ The minimum weight is a calculated value based on a performance test (repeatability), 

and describes the smallest amount of net sample mass that can still be weighed whilst 

complying with the acceptance criterion of 0.10 %

▪ As a consequence, the smallest net weight must be larger than the minimum weight 

▪ As the balance performance is not constant over time (e.g. due to external influences), it 

is recommended to apply a safety factor

Minimum Weight 59

M = 2000 x 0.41(0.0001) = 0.082 g



Test of Accuracy – Focus on Sensitivity 60

▪USP states that other balance parameters also 

influence the accuracy (eccentricity, Nonlinearity)

▪ Therefore, the acceptance criterion of an individual 

parameter shall not be 0.10 % but 0.05 % instead

▪Usually it is sufficient to investigate sensitivity only 

as its impact on accuracy is more dominant

▪ Identical approach to USP General Chapters 41 

and 1251



Which Test Weight for Accuracy?

▪ Test for accuracy (systematic deviations) with a test weight between 5% and 100% of the 

capacity

▪Using a smaller test weight causes systematic deviations to be obscured by repeatability, 

and its usage is not permitted

< 5%

Not allowed

Load

Characteristic curve with

sensitivity deviation

Correct sensitivity

Capacity

Indication

Stipulated

5%

61



62Certificate USP Chapter 41

2 x (0.000005) x 100 = 0.05% < 0.10%

0.02

2 x (0.000005) = 0.01 g

0.10%



63Certificate USP Chapter 41

▪ Test Load 200 g

199.99986 – 199.99985 x 100 = 0.00001% < 0.05%

199.99986

✓



64USP Chapter 41&1251 and ACC

Tolerance g

0.05%x10g 0.005g

0.05%x10g 0.005g

0.05%x10g 0.005g

0.05%x10g 0.005g

0.05%x10g 0.005g

0.05%x10g 0.005g

0.05%x10g 0.005g

0.05%x50g 0.025g

0.05%x100g 0.05g

0.05%x150g 0.075g

0.05%x200g 0.1g

USP41& USP1251

5% test  Repeatability, Tolerance 0.10%

5-100% test Accuracy, Tolerance 0.05%



65Minimum Weight from USP and GWP

Minimum Weight form USP

Minimum Weight form GWP

• The minimum weight from 
test of Repeatability 

• External

• Minimum Weight Smaller 
than GWP Certificate

• The minimum weight from 
relative uncertainty

• Internal

• Minimum Weight bigger than 
USP41



66Good Weighing Practice (GWP®) 66

GWP Verification
Life-time certification of weighing 

process incl. Routine Testing
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▪ GWP®, the scientific standard for the life-

cycle management of weighing instruments, 

developed by Mettler-Toledo

▪ It consists of three pillars which together

provide a sustainable and efficient balance 

quality management

▪ Calibration

▪ Routine testing (performance checks)

▪ Internal adjustment (by built-in weights)

Equipment Performance



Monitor Your Weighing Performance Over Time 68

Monitor your weighing performance in between calibrations with routine testing

consistent accuracy • early warning



▪ Documents whether the accuracy of the scale, 
based on minimum weight and safety factor, 
satisfies the process requirements

▪ Determines the minimum weight based on 
the calibration of the scale and verifies that 
the smallest net weight is in the safe weighing 
range

Certifies the accuracy of the 
device for the weighing process

69What does GWP® Verification offer?



GWP Verification

70

At installation

As Found 

and As Left 

Calibration

Installation & 

Initial (As Left) 

Calibration

As Found 

and As Left 

Calibration

At calibration At calibration

Between calibration 

intervals

Between calibration 

intervals

GWP Verification



What does GWP® Verification offer?

▪ Test tolerances and acceptance limits 
(warning and control limits)

▪ Suitable test weights and weight classes

▪ Recommended calibrations and frequency

A strategy for accurate weighing 
throughout the entire 
life cycle of the instrument

Only meaningful and necessary tests are recommended. 

In many cases, efforts may be reduced. 

▪ Monitoring  for the optimum performance 
verification, including types of test, intervals 
and SOPs

71



All user tests can be Performed with 2 weights 

Weight 1: Maximum OIML/ASTM weight, which is less than or equal to 
the capacity of the scale(except scales with high capacity)

Weight 2: Maximum OIML/ASTM weight that corresponds to the 
capacity or is  5 % less than this

CarePac
Weights for routine test
200g
10g

XPE 205
220g capacity

72



Tolerances for Routine tests 

Control limit

▪ If the control limit is exceeded: The scale must be characterized as OOT

(“out of tolerance”) and must not be used any more. 

Warning limit

▪ is equal to the control limit divided by the safety factor

▪ If it is exceeded: No direct action is required. However, the scale should then 

be monitored somewhat more accurately

73

The warning limit is the   CONTROL LIMIT 

SAFETY FACTOR

Sensitivity/Eccentricity the WEIGHT TOLERANCE x WEIGHT VALUE

2

Repeatability the SMALLEST NET WEIGHT x TOLERANCE

K FACTOR (2)



74GWP Verification Summary



GWP Verification Summary 75

For each site:

▪ Summary of the weighing 
accuracy with color coded 
presentation

▪ Summary report for rapid 
overview of the inventory 
status

▪ Recommendations for 
optimizations



Thank You

76

For internal use - Confidential

Thank You


