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1. Definition of a Mass Comparator
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A mass comparator is a balance with

• best possible resolution n
• smallest readability d 
• smallest repeatability s

for determination of smallest mass differences.



2.1. Types of Mass Comparators
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• Manual Mass Comparator

• Automatic Mass Comparator
with Handling System

• Robotic Mass Comparator



2.2. Weighing Systems of Mass Comparators
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• Full Range Mass Comparator

• Multi-interval Mass Comparator

• Window Range Mass Comparator



2.3. Application of Mass Comparators
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• Calibration of Mass Standards and Weights
(used as Mass Comparator)

• Differential Weighing using a Reference Object
(used as Mass Comparator or as High Performance Balance)

• Absolute Weighing
(used as High Performance Balance)



2.4. Use as High Performance Balance
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High performance balances should be calibrated 
according to the calibration guide for non-automatic
balances "EURAMET CG 18":

•Measurements of sensitivity, repeatability,
eccentricity, errors of indication (linearity)

• Some industrial applications are:
gas bottle filling, filter weighing, formulation, 
smallest mass or force changes in scientific research



3.1. Differential Weighing Method
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A reference object (sample or substance) is compared
against a test object:

1. Use as Mass Comparator
Reference mass and test mass are within 1% of nominal mass
values.

2. Use as High Performance Balance
The mass difference is larger than 1% of nominal mass.



3.2. Determination of the weighing difference Δm
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4.1. Influence factors and disturbances
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4.2. Requirements for Repeatability Test
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Weight calibration with differential weighing method

• Determination of mass mT or conventional mass value mcT

• and of it’s expanded uncertainty:      U = k*uc(mT)

where 𝑢!(𝑚")# = 𝑢$(𝑚")#+ 𝑢%(𝑚")#

with

sw is the empirical standard deviation of a single measurement value and
sn is the empirical standard deviation of the mean of n single values

𝑢$ = 𝑢$ Δ𝑚& = 𝑠' =
𝑠&
𝑛



4.3. Requirements for Repeatability Test
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Requirements for a coverage factor k = 2, 
corresponding to a level of confidence of 95,45%

1. Normal distribution of type A and sufficient reliability

2. Sufficient reliability is depending on the degrees of freedom. 
A repeatability test must be applied not less than 
6 (optimal 10) differential weighing values.



5. Calibration Parameters for Mass Comparators

16-18.04.2024, Radom, Poland

• Repeatability Test
using ABBA- or ABA-Method

• Eccentricity Test
using any drift compensated method

• Optional: 
Sensitivity Test 



6. Criteria for Partial Calibration Ranges
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• Nominal value of the calibration objects
• Geometric size and shape of the calibration objects
• Required calibration uncertainties for the test objects

Example: 
full range mass comparator UMA 5, d = 0,1 µg, 
calibration objects: 1 mg – 5 g, OIML class E1:
1.range:     1 mg – ≤ 20 mg (Criteria: sizes and required uncertainties)
required standard deviation sw < 0,0007 µg
2.range:  > 20 mg – ≤ 500 mg (Criteria: sizes and shapes)
required standard deviation sw < 0,0009 µg
3.range:  > 500 mg – ≤ 5 g (Criteria: sizes, shapes and uncertainties) 
required standard deviation sw < 0,0023 µg



7.1. Calibration of Repeatability
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Preconditions for Repeatability Test

• Divide full weighing range into significant partial calibration ranges
• Measure 10 weighing cycles each on at least 3 different days using  

A-B-B-A- or  A-B-A- method
• Take care having always normal environmental conditions
• Use 2 different test weights A and B with same nominal value (app. 

to Max. of partial weighing range)
• Do not exchange the weights at complete calibration process



7.2. Pooled Standard Deviation
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𝒂𝒏𝒅 𝜟𝒎𝒋 =
𝟏
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𝒊#𝟏

𝒏

𝜟𝒎𝒊𝒋 =
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−𝑰𝑨𝟏𝒊𝒋 + 𝑰𝑩𝟏𝒊𝒋 + 𝑰𝑩𝟐𝒊𝒋 − 𝑰𝑨𝟐𝒊𝒋 /𝟐

𝒘𝒊𝒕𝒉 𝒔(𝜟𝒎𝒋) =
𝟏
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𝒔𝒑 = 𝒔(𝜟𝒎) =
∑𝒋#𝟏
𝒒 𝒏𝒋 − 𝟏 + 𝒔𝒋𝟐 𝜟𝒎𝒋

∑𝒋#𝟏
𝒒 𝒏𝒋 − 𝟏

In practice weight calibrations are done with less than 6 differential weighing cycles.
In such case pooled standard deviation sp should be used instead of sw for determination of 
u(A)



7.3. Sample of Pooled Standard Deviation
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8.1. Eccentricity Test of Manual Mass Comparators
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Manual Mass Comparators without and with centering systems
• Use a nominal value at app. maximum capacity of used partial range
• Use a single test load Lecc for testing
• Eccentricity test is carried out with drift compensated method and with reduced off-

centre distance (by only a few millimeters):

1. middle 2. front left 3. middle 4. rear left 5. middle 
6. rear right 7. middle 8. front right 9. middle

ue = u(Δmecc ) = I·|DIecci|max/ 2𝐿(!! 3

If calibration process is done with single weights the eccentricity error is included in 
repeatability test : ue = 0
Normally an eccentricity test with centering systems is not required: ue = 0



8.2.  Centering Systems for Mass Comparators
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Mechanical centering systems Hanging pan self-centering pan



9.1.  Exchange Error

16-18.04.2024, Radom, Poland

Exchange errors of automatic and robotic mass comparators

• Exchange errors are special types of eccentricity loading effects.

• Normally exchange errors are systematical and be immediately corrected.

The reason is based on different structural position tolerances of the change 
positions in relation to each other or in relation to the load introduction to the 
mass comparator.

• Exchange errors can have more than just mechanical causes. Temperature 
differences between the magazine positions, the handling tools and the 
weighing chamber can cause “replacement errors”. These are usually not only 
systematic and must additionally be taken into account by an uncertainty 
contribution.



9.2. Exchange Error as Systematic Error
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Determination with r =10 weighing cycles with "normal" and exchanged loading of the 
reference and test weight positions. 
The following mean value pairs (a+b) result for each of the n test weight positions:

with n= test weight position
a= „normal“ loading
b= exchanged loading

𝛥𝐼)'( =
*
+
∑,-*+ 𝛥𝐼.) and 𝛥𝐼)*( =

*
+
∑,-*+ 𝛥𝐼/)

Systematic exchange error of position n: 𝑓"( =
𝛥𝐼)'( + 𝛥𝐼)*(

2

Exchange-corrected indication difference of position n: 𝛥𝐼")( = 𝛥𝐼,( − 𝑓"(



9.3 Exchange Error as Random Error
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This eccentricity uncertainty u(Δmecc ) can be combined with
standard deviation s(w) of the weighing process:

If the exchange deviation 𝑓"( is not systematic but random, following uncertainty
contribution has to be included to the weighing process.
A rectangular distribution must be assumed:

u(Δmecc ) = 𝑓"( / 3

𝑢$ = 𝑢$ Δ𝑚& = 𝑠' =
u(Δmecc )# + 𝑠&#

𝑛



10.1. Qualification of Mass Comparators
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B. Guidelines based on practical experience: 

1. 𝑢$(Δ𝑚&) ≤
0
1
𝑢!(𝑚")) 

2. 𝑢 𝑚2 = 𝑢/ = 𝑢/. ≤
*
0𝑢!(𝑚")

C.  Requirement for Weighing Process and Repeatability of Mass Comparator:

𝑢$ = 𝑢$ Δ𝑚& = 𝑠' =
𝑠&
𝑛
≤
3
5
𝑢!(𝑚") =

1
10
𝑚𝑝𝑒

A.  Requirement of OIML R111-1:2004: 𝑢! 𝑚" = 3(5+)
7 = 3(5+)

# ≤ *
8𝑚𝑝𝑒

𝑠& = 𝑠9 =
1
10
𝑚𝑝𝑒 K 𝑛



10.2. Example for Qualification of Mass Comparators
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Example: 100 g, class E2 (mpe = 0,16mg), 2 x ABBA,
mass comparator: WAY 500.5Y.K0: Max = 520 g, d = 0,01 mg, sspecified = 0,02 mg

Requirements for calibration process:

A.  𝑢! 𝑚" ≤ *
8𝑚𝑝𝑒 =

*
8 K 0,16 𝑚𝑔 = 0,027 𝑚𝑔

B. 1. 𝑢$ Δ𝑚& ≤ 0
1𝑢! 𝑚" = 0

1 K 0,0267 mg = 0,016 mg

2.    𝑢 𝑚2 = 𝑢/ = 𝑢/. ≤
*
0𝑢! 𝑚" = *

0 K 0,027 𝑚𝑔 = 0,009 𝑚𝑔

C. 𝑠&,'- = 𝑠9,'- =
*
*:𝑚𝑝𝑒 K 𝑛 = *

*: K 0,16 K 2 𝑚𝑔 = 0,023 𝑚𝑔

Result: WAY 500.5Y.K0 fulfils the requirements for calibration of 100 g, class E2.



11.1. ScalesNet - Mass Calibration Software
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ScalesNet



11.2. ScalesNet - Qualification of Mass Comparators
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12. Conclusion
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• What is the use?  mass comparator or high performance balance
• Which type, weighing system and weighing range is required
• What are the influence and disturbance factors
• Check the environmental conditions
• Devide the full weighing range in partial calibration ranges
• Which tests for calibration of the comparator are required:

repeatability, eccentricity, exchange, sensitivity
• Qualify the mass comparator
• Which pooled standard deviation sp or sw is needed
• Reduce errors in calibration by using a mass calibration software



Thank you for 
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