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Compatibility of modules 
Necessary technical and metrological data

Modules of mechanical and electrical 
connecting elements and analog load cells

Mechanical structure, load transmission, load cell

Conclusion
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Introduction
Motivation

• some kind of electronic weighing instruments simply 
cannot be tested as a whole because of their 
dimensions such as truck scales, hopper scales, etc.

Practice :

Challenge:
• Manufacturers and testing bodies had to find 
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• Manufacturers and testing bodies had to find 
alternative ways to test huge or hard to handle 
instruments.

Basic Idea:
• to test metrologically relevant parts (modules) with 

reduced (partial) error limits defined by so-called “pi 
factors”.
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Introduction
Metrological experience

• Mechanical, electronic and digital components of a 
weighing instrument can be tested separately 

• There are “non-critical” types of weighing instruments, 
such as weighbridges, platform scales, hopper scales, 
crane scales, with or without lever system

Metrological experience:
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crane scales, with or without lever system

• Some types of load receptor construction/design for 
load cells may be generally used

• There are generally acceptable designs of load 
transmission devices suitable for different LC types

• Types of load cells are suitable for different load 
receptor types
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The modular concept of weighing instruments

It is not always useful or feasible 
to test the whole weighing instrument

Load

Indicator
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The load cell is the metrological heart of a weighing instrument 
and it is tested according to OIML recommendation R60

Load cellsLoad receptor
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The modular concept cannot be applied for

• Single bending beam load cells

• Digital load cells

• Weighing instruments build in trucks

Further metrological experience :

Introduction
Metrological experience
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• Weighing instruments build in trucks

• Moveable pallet weighers

• Dynamic applications

A definition of requirements for general acceptance 
of modules in type approvals of weighing instruments

Essential:
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History

• First idea of separate testing of metrologically relevant parts 
or modules of a weighing instrument

OIML R76 (1988):

• three main modules: load cell, electronic indicator connecting 
elements. The fractions pi for each module can be chosen in 
the range 0.3 ... 0.8.

OIML R76 (1992):
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the range 0.3 ... 0.8.

• Further enhancement of the modular concept, e.g. WELMEC 
Guide 2.4

WELMEC: (European Cooperation in Legal Metrology)

• the OIML Certificate System for Measuring Instruments was 
extended to include modules and modular testing for all kinds 
of measuring instruments

OIML (2003):
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Introduction
Current status

• more detailed information concerning 
the definition of modules such as indicators, data processing 
devices, weighing modules and digital displays

• Definition of necessary tests for each module

• Description of conditions under which several modules 
can be combined to form a NAWI

OIML R76 (2006):
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can be combined to form a NAWI

OIML R51 (2006)

OIML R61 (2004)

OIML R107 (2007)

• Catchweighers

• Filling Instruments

• Totalising hopper weighers
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Modular Concept of NAWIs
Definition

Definition “Module”  (OIML R76, T.2.2):

• Identifiable part of an instrument that performs a 
specific function or functions, and that can be 
separately evaluated according to specific 
metrological and technical performance 
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metrological and technical performance 
requirements in the relevant recommendation. The 
modules of a weighing instrument are subject to 
specified partial error limits. 

• Typical modules of a weighing instrument are: 
load cell, indicator, analog or digital data processing 
device, weighing module, terminal, primary display
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Modular Concept of NAWIs
Typical modules
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Typical modules of a NAWI as defined in OIML R76-1
The NAWI can be supplemented by peripheral devices
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Modular Concept of NAWIs
Typical modules and parts of a NAWI

Part or component
of the NAWI

C
onnecting
elem

ents

A
nalogue

load cell

A
D

C

D
ata

processing 

Further data
processing

K
eyboard 

to operate

Prim
ary

display

analogue load cell �

digital load cell � � �

Indicator � � � � �
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Indicator � � � � �

analogue data
processing device

� � � �

digital data
processing device

� � �

Terminal � � �

primary display �

weighing module � � � � � �
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Modular Concept of NAWIs
Responsibilities of the manufacturer

• Basically, it is the choice of the manufacturer 
whether he applies for a module certificate or 
for a certificate for a complete instrument.

• With a module certificate he will be responsible 
only for his own module, e.g. an indicator.
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only for his own module, e.g. an indicator.

• Important :
With a certificate for a complete instrument the 
manufacturer will take over full responsibility for 
the NAWI, including all modules (indicator, load 
receptor, load cell, etc.) 
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Modular Concept of NAWIs
Compartibility Checking of Modules

• Essential for the modular concept:
The compatibility of all modules making up the 
complete NAWI has to be established.
� E.g. For modules with digital output, compatibility 

includes the correct communication and data transfer 
via the digital interface(s).
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via the digital interface(s).

• An applicant (manufacturer) with a certificate for a 
complete instrument has finally the full responsibility 
for the NAWI and will be responsible for checking 
and declaring the compatibility of modules.

• Checking and declaring the compatibility of modules 
according to No 3.10.2.3 and Annex F of OIML R76
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Modular Concept of NAWIs
Compartibility Checking of Modules

Required Metrological Data of the NAWI:
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Modular Concept of NAWIs
Compartibility Checking of Modules

Required Metrological Data of the NAWI:
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NUD is in responsibility of the manufacturer
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Modular Concept of NAWIs
Compartibility Checking of Load Cells
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Modular Concept of NAWIs
Compartibility Checking of Load Cells
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Modular Concept of NAWIs
Compartibility Checking of Load Cells
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Modular Concept of NAWIs
Compartibility Checking of Modules
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Modular Concept of NAWIs
Compartibility Checking of Modules
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WELMEC 2.4
Motivation

Referring to R76-1, No 3.10.2.1 (“Acceptable solution”):

“For mechanical structures such as weighbridges, load 
transmitting devices and mechanical or electrical 
connecting elements evidently designed and 
manufactured according to sound engineering practice, 
an overall fraction pi = 0.5 may be applied without any 
test, e.g. when levers are made of the same material and 
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test, e.g. when levers are made of the same material and 
when the chain of levers has two planes of symmetry 
(longitudinal and transversal), or when the stability 
characteristics of electrical connecting elements are 
appropriate for the signals transmitted, such as load cell 
output, impedance, etc.”
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Question:
Has everybody the same understanding and interpretation of 
what has been “evidently designed and manufactured 
according to sound engineering practice”?

• The interpretation is and will remain the responsibility 
of the certification body (Issuing Authority).

WELMEC 2.4
Motivation

22 / 38

WELMEC 2.4

Oliver Mack
The Modular Concept For Load Cells

Conclusion

OIML Training Courses
Beijing, 18 – 22 July 2016

• The responsible authority may require a representative 
complete instrument to be submitted for testing of correct
functioning and check of compatibility if this is considered
necessary

WELMEC Guide 2.4:
The European Union tried to find a common understanding 
about “generally acceptable constructions of load 
transmissions and load receptors”



Introduction

Compatibility

Modular
Concept

WELMEC 2.4

WELMEC 2.4
Types of NAWIs, load receptors, load cells I
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WELMEC 2.4
Types of NAWIs, load receptors, load cells II
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WELMEC 2.4
General acceptable compression and tension load cells I
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WELMEC 2.4
General acceptable compression and tension load cells II
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WELMEC 2.4
General acceptable compression and tension load cells III
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WELMEC 2.4
General acceptable beam load cells I
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WELMEC 2.4
General acceptable beam load cells II

29 / 38

WELMEC 2.4

Oliver Mack
The Modular Concept For Load Cells

Conclusion

OIML Training Courses
Beijing, 18 – 22 July 2016



Introduction

Compatibility

Modular
Concept

WELMEC 2.4

WELMEC 2.4
Common generally acceptable load receptors I

30 / 38

WELMEC 2.4

Oliver Mack
The Modular Concept For Load Cells

Conclusion

OIML Training Courses
Beijing, 18 – 22 July 2016



Introduction

Compatibility

Modular
Concept

WELMEC 2.4

WELMEC 2.4
Common generally acceptable load receptors II
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Common generally acceptable load receptors III
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Modular Concept

- Since many years the modular concept is well established 
not only for NAWIs under R76 but also for AWIs, 
especially under R51, R61, R106 and R107. 

- The possibility to issue OIML certificates for complete 
weighing instruments on the basis of  modular tests has 
well proofed its worth.
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- With the new edition of R76-1 (2006) the modular concept 
for NAWIs has been further clarified and improved. It is 

- adapted to recent progress in technology to include e.g. 
digital components and devices. 

- extended to allow OIML certificates to be issued for a 
number of typical modules such as indicators, 
data processing devices, terminals and weighing modules
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WELMEC 2.4 for load cells

- Generally acceptable constructions of load 
transmissions, load cells and load receptors
is useful.

- The constructions shown can (voluntarily) be 
used by OIML Issuing Authorities if they issue an 
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used by OIML Issuing Authorities if they issue an 
OIML certificate for a complete instrument on the 
basis of indicator tests. 

- In this case the schematic figures should be an 
inherent part of the OIML certificate issued
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WELMEC 2.4 for load cells

- The advantage for a manufacturer is that he 
needs not deliver specific drawings of load 
receptors and load transmission elements.

- A verification officer or field inspector could check 
whether the load receptor and the load 
transmissions conform to the examples 
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transmissions conform to the examples 
given in the drawings and sketches listed in the 
OIML certificate or national type approval 
certificate, respectively

- In addition, of course, the manufacturer has to 
supply the filled in compatibility form according to 
Annex F of OIML R76 as explained above.
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