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Introduction 
The need for checkweighers in the food, pharmaceutical, cosmetics, beverage and transport/logistics industries as well 
as in chemical, automotive and metal industries is recognized by most manufacturers and processors as a key element 
to an effective quality assurance regime. Checkweighers are instrumental in an increasingly competitive marketplace in 
fulfilling ever-changing customer needs and in complying with local Weights and Measures standards and regulations.

Installation of a checkweigher will not guarantee that a good product is produced unless it is executed as a part of an 
overall checkweighing program containing specific goals, anticipated results, and well defined measurement metrics. 
This guide has been written to assist manufacturers in the setting up of such a program.

An effective checkweighing program can provide protection against product failure and recalls, help to comply with local 
Weights and Measures guidelines and reduce overall operating costs. The program can also support the ability to prove 
that reasonable precautions and due diligence have been applied in the manufacturing process in the event of a legal 
claim or audit. The requirements for and the benefits of adopting a program are summarized in the diagram below.
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This guide serves as the definitive reference point for those involved in the packaging industry, providing an insight into 
all aspects of checkweighing from basic principles to implementation of a comprehensive program. The first part of this 
guide "Checkweighing System Selection" covers all aspects of checkweigher design and functionality. Part two is entitled 
"Building an Effective Program" which guides process planners and plant designers through the process of program 
configuration and administration. This section ends with an important discussion on how to sustain the program over 
the long term.   

The following symbols are used throughout this guide to draw your attention to particular points of interest.    

Symbol Description

Warning – An operating practice that could result in the incorrect operation or 
use of the checkweigher.

Best Practice – An operating practice that is considered as best practice at the 
time of publication.

Record – Highlights pertinent records that should be generated and maintained 
in order to demonstrate the effective operation of the checkweigher.
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Chapter 1
Introduction to Checkweighing

1.1 Quality Control

Checkweighers are used as part of overall quality control 
programs and to provide protection to both the manufac-
turer and consumer:

 ▪ Manufacturers are assured that they are offering prod-
ucts which fully comply with national regulations, con-
tain the correct quantity of ingredients or parts and are 
making the most out of their raw materials. 

 ▪ Consumers are assured that they are receiving a high 
quality product which has been verified to include all 
the ingredients or parts specified on the label. 

The use of checkweighers builds trust between manufac-
turers and consumers ensuring that strict quality stan-
dards are both met and adhered to over the entire produc-
tion cycle.

By definition, a checkweigher is a system that weighs items 
as they pass through a production line, classifies the items 
by preset weight zones and sorts or rejects the items based 
on their classification. Checkweighers weigh 100% of the 
items on a production line and provide a 100% overview of 
production data such as production counts, batch track-
ing, total weights, good weights and rejected weights.

“In simple terms, a checkweigher 
weighs, classifies and segre-

gates items by weight”

In addition, checkweighers are used to increase product 
quality and to optimize processes in order to keep costs 
under control, eliminate waste and thereby increase prof-
its. Manufacturers can use the data and metrics produced 
by checkweighers to ensure that overfilling is minimized 
keeping production costs to targeted levels.

1.1.1 Typical Uses of a Checkweigher

Checkweighers are used for a variety of applications some 
of which include:

 ▪ Checking for under and/or overweight packages

 ▪ Ensuring compliance with net contents laws for pre-
packaged goods

 ▪ Checking for missing components in a package includ-
ing labels, instructions, lids, leaflets or products

 ▪ Verifying count by weight by checking for a missing 
carton, bottle, bag or can in a case

 ▪ Checking package mixes against weight limits to keep 
the solid to liquid ratio within established standards

 ▪ Reducing product giveaway by using checkweigher to-
tals to determine filler adjustments

 ▪ Classifying products into weight zones for grading or 
portioning

 ▪ Ensuring product compliance with customer, associa-
tion or agency specifications

 ▪ Pure net weighing with tare/gross systems

In order to make informed decisions about a checkweighing system, it is important to under-
stand the principles of operation. This chapter is designed to provide a basic overview which 
will be built upon in subsequent chapters to gain a greater understanding of checkweighing 
technology, equipment capabilities and performance.
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 ▪ Weighing before and after a process to check process 
performance

 ▪ Fulfilling USDA, FDA, OIML, FPVO and other reporting 
standards

 ▪ Measuring and reporting production line efficiency

1.1.2 Statistical Uses of a Checkweigher

Today’s technology makes checkweighers more reliable 
and accurate than ever before. The information that a 
quality team would have previously collected manual-
ly can now be collected in a fraction of the time by the 
checkweigher.

Example: Consider a line with a throughput of 100 pack-
ages per minute. If you sample 15 packages every hour, 
what percentage of the total production is that sample? In 
60 minutes, 60 x 100 = 6000 packages pass through the 
line. 15 packages represent only 15/6000 = 0.25%. With 
a sample size that small there is a little statistical signifi-
cance and over 99.75% are not inspected. A checkweigher 
automatically weighs 100% of all packages on the line and 
can react immediately if it senses a negative tendency or 
problem.

The primary value of checkweighing is to achieve “100% 
sampling” compared with random off-line sampling.

Statistical uses of a checkweigher include: 

 ▪ Analyzing production by weight zone or classification  

 ▪ Using 3 or more zones to gain detailed fill weight in-
formation

 ▪ Monitoring overall production efficiency through total 
count and total weight (Figure 1.1)

 ▪ Monitoring overall production speed efficiency (pack-
ages per minute)

 ▪ Monitoring standard deviation to alert operator or filler 
of an out of tolerance condition or trend

Figure 1.1: Monitoring Production Data

 ▪ Keeping production printouts as a record of settings for 
management and regulatory agencies

 ▪ Analyzing filler head performance for both single and 
multihead fillers

 ▪ Printing or accumulating individual production 
weights or totals for a day, shift, hour, batch or collect-
ing and printing a production run

 ▪ Monitoring short, long-term or individual weights and 
filler performance through statistics

 ▪ Providing Statistical Process Control (SPC) charts for 
manual feedback and process adjustments

 ▪ Providing SPC for closed loop control, feedback and au-
tomatic process adjustments

 ▪ Linking packaging line data to upstream control and 
information systems

 ▪ Interfacing with business systems, Programmable 
Logic Controllers (PLC) and SCADA systems to link the 
checkweigher to the production process, including con-
trolling the checkweigher by a remote device

 ▪ Reducing quality control labor

 ▪ Important information source for quality control de-
partments 

The primary value of 
checkweighing  

is “100% inspection”

1.1.3 Inspection

Checkweighers are used for additional inspection pur-
poses, beyond those stated above. The checkweigher is in-
creasingly becoming a quality assurance station and also 
integrates other automated inspection devices to check:

 ▪ Open flaps on a carton or case

 ▪ Missing caps

 ▪ Bar code labels and RFID tags

 ▪ Package orientation and skew detection

 ▪ Printed information on the package such as batch 
number, expiry or best before date

 ▪ Contaminants such as metal, stone or glass

 ▪ Traceability and serialization

Integration of other inspection devices such as cameras, 
scanners, marking systems, sensors, metal detectors and 
X-ray devices makes the checkweigher a high performance 
product inspection solution. Primary benefits of combin-
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ing these other devices may include consolidation of mul-
tiple user interfaces into one to simplify operator training, 
and reduce the time it takes for package set-up and line 
changeovers. Further consolidation of the various inspec-
tion technologies on a single product handling platform 
can be optimized to save valuable production space. Fi-
nally, rejected products can be quarantined in one area for 
convenient and error-free management of non-conform-
ing products.

1.2 Consumer Protection

Packaging and processing companies generally refer to 
the checkweigher as a “policeman” on the packaging line 
placed there to protect consumers. In this role it is the 
weight control center on a production line ensuring that 
unacceptable under or overweight packages never reach 
the consumer.

Net content laws and regulations differ from country to 
country. As an example, in the United States of America the 
Department of Commerce, National Institute of Standards 
and Technology’s (NIST1) Handbook 133 on prepackaged 
goods defines the specific net contents laws on packages 
for processors, wholesalers and retailers. It specifies the 
number of underweight packages permitted, as well as 
the weight of packages allowed to be underweight, but not 
exceeding the Maximum Allowable Variation (MAV). For 
prepackaged items commonly weighed by checkweighers, 
the MAV value varies according to the label weight of the 
package. 

As another example, the OIML2 R87 (International Or-
ganisation of Legal Metrology) standard which is used 
by most European and many other countries around the 
world defines the tolerable deficiencies in actual content 
for prepackaged products. National Weights and Measures 
authorities regulate and enforce the local net content laws 
applicable in the respective country. Official action result-
ing from package checking can take the form of spoken 
recommendations, instructions, warnings or legal action.

A discussion between the local Weights and Measures in-
spector and the person in charge of packaging regulatory 
compliance within the operation is extremely important 
to confirm general compliance with laws and regulations. 
Consultation with your local inspector can also be benefi-
cial to help identify any inconsistencies in weighing pat-
terns, precision or variations.

1 http://ts.nist.gov/WeightsAndMeasures/upload/Complete-HB133-
05-Z-2.doc

2 http://www.oiml.org/publications/R/R087-e04.pdf

1.2.1 Regulations on Net Contents

As discussed in the prior section specific Weights and Mea-
sures regulations vary from country to country.  In general 
non-conformance to the regulatory standard would typi-
cally take the form of: 

 ▪ One or more packages with unreasonably large minus 
(underweight) errors

 ▪ An average minus (underweight) error for the entire 
batch of packages

 ▪ Significant errors in selling price calculations of one or 
more packages (for weigh price labeling)

1.2.2 Legal Action Against Non-Conforming  
Organizations

Legal action stemming from a violation may take several 
forms depending on the specific jurisdiction.

 ▪ “Stop sale” or “off sale” orders, which normally mean 
that the batch cannot be offered for sale until officially 
released 

 ▪ Re-weighing or remarking orders, which means that an 
entire batch cannot be offered for sale until the content 
or labeling has been corrected

 ▪ Prosecution, in which case the inspector purchases or 
confiscates samples as evidence of violation

Deployment of an effective checkweigher program includ-
ing active integration for continuous weight control  can 
minimize the risk of non-conformance thereby eliminat-
ing legal entanglements and consumer complaints about 
underweight packages. Well designed and maintained 
checkweigher systems also protects the manufacturer by 
reducing product giveaway costs by tuning the average fill 
weight of the product through active feedback to the filling 
process, while complying with regulatory standards.

1.3 What Kind of Items do Checkweighers  
Typically Weigh? 

A checkweigher can be used to weigh almost any item 
produced on a production line ranging in weight from 
below one gram to several hundred kilograms. Below are 
a few examples of items which organizations weigh on 
checkweighers:

 ▪ Raw or unwrapped food products prior to the packaging 
process

 ▪ Pre-packed food products such as cans, glasses, wrapped 
products, trays and other food packaging
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Travel

 ▪ Boxes, cartons or tubs of products to determine if pa-
pers, components, instructions or other items are miss-
ing

 ▪ Weight-based counting of contents in bottles, bags, 
packaged parts, cases of batteries, diapers or drink 
bottles in a case

 ▪ Checking volume or density of a mixture, such as bread, 
yogurt, or volatile products such as airbag charges

 ▪ Weighing items of varying weights for future reference 
or billing for a warehouse or delivery service

 ▪ Checking for missing leaflets or instructions, blister 
packs of products or single tablets and capsules

1.4 Where Should a Checkweigher be Used?

Checkweighers are typically used in four areas 
of production. 

In the industrial world, checkweighers are often used 
for product integrity checking and to determine whether 
products meet manufacturing and quality tolerances. For 
instance, in metal casting checkweighing is often used to 
determine whether the casting has an air void. In a bear-
ing production line checkweighers are commonly used 
to determine whether all steel balls are present. Further 
checkweighers are employed to inspect raw materials to 
ensure they are the correct size, using weight for further 
processing. 

Figure 1.2 shows four distinct areas where checkweighers 
are typically used in a manufacturing operation.

1. Checkweighers can be used prior to the packaging line, 
such as handling raw dough prior to freezing and pack-
aging. In this application the checkweigher would also 

send a feedback signal to the divider or former to main-
tain product consistency and reduce product giveaway. 

2. Checkweighers are used in the primary packaging pro-
cess. This may be to checkweigh tubes of personal care 
products prior to the cartoner in order to help keep a fill-
er in tune and to prevent any non-conforming product 
reaching the next stage of the process. Checkweighing 
prior to the secondary packaging process eliminates 
rework and costly waste when non-conforming prod-
uct is combined with other components or packaging 
materials.

3. The secondary packaging process combines various 
components into a common package. This could in-
clude checking ready-to-serve meal kits to ensure that 
all components have been included in the package. An-
other example is when a checkweigher is placed at the 
outfeed of the cartoner and ensures that the inserter 
has placed the dosage instructions into the carton.

4. Caseweighers are another type of checkweigher and 
are normally located after the case packer. Caseweigh-
ers  determine whether the case contains the correct 
number of packages, ensuring that no short cases are 
shipped. In addition they may also transmit the case 
weight data to a manifesting system for shipping pur-
poses. This type of checkweigher is also used for large 
bulk bags of products such as 25kg bags of dry dog food, 
bags of flour or sacks of chemicals for net weight con-
trol. 

There are many opportunities for using checkweighers. 
They are not only used as the aforementioned “police-
man” checkweigher, but provide weights that can help de-
liver consistently high quality, reduce waste and increase 
profitability.

Figure 1.2: Checkweigher Usage in Manufacturing Operations

3 42

3. Secondary Packaging          4. Case and Bulk1. Pre-Packaging/Portioning       2. Primary Packaging
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1.5 What is the Difference Between a 
Static Checkweigher and a Dynamic 
Checkweigher?

The main difference between a static scale used for 
checkweighing and a dynamic checkweigher is that 
static scales measure the weight of objects that stand still 
whereas a dynamic checkweigher automatically weighs 
objects (products) in motion. This yields a traditional re-
sult where static scales are used for sample spot checking 
of product whereas dynamic checkweighers check 100% 
of the product produced. Additionally static scales used 
for checkweighing are a manual operation requiring a 
person to take the product, weigh, record the result, and 
then remove the product for the next weighment to occur.  
Dynamic checkweighing is an automatic process which 
is typically performed without manual intervention or a 
dedicated operator. 

There are dynamic checkweighers which can be used for 
static weight measurements in a continuous production 
line. Traditionally used where extreme accuracies ap-
proaching those found in the laboratory are required in 
a production environment, this type of checkweigher nor-
mally has a rotary stepping action or start/stop operation 
mode where the product is stationary for the small amount 
of time in which it is being weighed. Commonly referred 
to as an intermittent motion dynamic checkweigher these 
systems should not be confused with hybrid checkweighers 
that will be described later.

Note: This guide focuses on dynamic checkweighers as 
described in Chapter 2. 

Static scales used for checkweighing and dynamic 
checkweighers work hand-in-hand when used on produc-
tion lines for quality control and Weights and Measures 
compliance. Both systems are used for sampling weights; 
the static scale for sampling a set percentage of product 
weights and the dynamic checkweigher for sampling 
100% of all weights. In many countries static scales must 
be used to sample product for completion of net contents 
and package tare weight verification reports for Weights 
and Measures. Application requirements and processes in 
combination with financial and economic factors usually 
dictate which system should be used on a production line. 

The main application, process and economic factors which 
need to be considered are listed in the next column. This 
list also forms the basis of a more detailed difference be-

tween using static and dynamic checkweighers on produc-
tion lines:

 ▪ Initial investment cost

 ▪ Running costs

 ▪ Production line throughput

 ▪ Manpower efficiency and costs

 ▪ Product characteristics

 ▪ Product security

 ▪ Product weight fluctuation potential

 ▪ Local laws and regulations governing sampling rates

 ▪ Safety at work regulations

 ▪ Customer requirements
 
For each of these points there are sound arguments when 
considering which system to use. It is clear to see that there 
are many differences and each of these have advantages 
and disadvantages when looking at specific production 
line requirements.

Hybrid or component systems are sometimes offered as an 
alternative to a dynamic checkweigher. These systems use 
a static scale, an averaging indicator with a fast update 
rate, a photoeye and a conveyor. While this type of sys-
tem may serve an immediate purpose, most static scales 
are not designed for in-motion weighing, just as most dy-
namic checkweighers are not designed to deliver the same 
performance as a static scale. The constant vibration and 
dynamic loading of a package being moved onto the scale 
causes the load cell to oscillate violently. This movement 
can cause inaccurate and non-repeatable weighing re-
sults, plus it can lead to deterioration of the load cell and 
other active scale components which are not designed to 
withstand the rigors of in-motion processes.

In most production environments both static scales and 
dynamic checkweighers are used. Static scales are com-
monly used to determine target weights for dynamic 
checkweighers and to perform the sample tests for net 
weight and tare weight reports for Weights and Measures 
compliance.

Typically the absolute weighing results produced by a 
good quality static scale for a single package will be more 
repeatable and have a far lower standard deviation than 
those of a dynamic checkweigher. The reasons for this are 
explained in detail in Chapter 3.
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Chapter 2
Key Design Features

Selecting a reliable checkweighing system is a key step 
towards minimizing or eliminating the incidence of un-
der or overweight products. Despite the widespread use of 
checkweighers, there are few guidelines available to help 
users evaluate a checkweigher or compare the capability of 
different brands of machines. The aim of this chapter is to 
provide such practical guidance on the design features that 
can readily make a difference, by considering the factors 
most important to users with long-term experience of run-
ning effective checkweighing programs.

Constant accurate weighing, flexibility of setup for prod-
uct changeover and reliable rejections are the key factors 
which will make a difference in the success or failure of 
the overall checkweighing program. Checkweighers can 
be frustrating to production personnel when they appear 
to operate inconsistently and are not accurate. They will 
quickly lose confidence in a checkweighing system that 
rejects product which is subsequently shown to be good or 
one that requires constant attention for the accuracy stan-
dard to be maintained.

2.1 Checkweigher Mechanical Design

Typically, the physical checkweighing system encompasses 
an infeed section, weighing section, outfeed section with 
rejecting device and weighing terminal with user interface 
(Figure 2.1). Checkweighers and their components vary 
greatly depending on how they are used, the items being 
weighed and the environment surrounding them.

Product

Weighing Conveyor

Weighcell

Weighing 
Terminal  

Infeed Conveyor Outfeed Conveyor

Rejecting Device

Figure 2.1: Standard Checkweigher Diagram

2.1.1 Environmental Protection

The selection of the checkweigher should be commensu-
rate with the hygiene requirements of the product and the 
environment in which it will operate. For perishable and 
sensitive products the checkweigher should be constructed 
to withstand harsh conditions, through cleaning and ster-
ilization routines. 

For producers of meat, poultry, dairy or similar products, 
a checkweigher’s ability to withstand frequent heavy duty 

In the event of a checkweigher failure, will a manufacturer stop production until a service 
engineer visit can be scheduled or continue to run the production line with the risk of under 
or overweight products going undetected? The chances of facing this dilemma can be sig-
nificantly reduced by selecting the most reliable checkweighing system. This chapter pro-
vides valuable information on some of the key considerations for selecting a checkweighing 
system.
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washdown is paramount. The repair of a checkweigher 
that has poor water ingress protection is both expensive 
and time consuming, and may require significant produc-
tion downtime. 

System performance should reflect the specifications pro-
vided during the time purchase. For example the machine 
should remain unaffected when equipment is situated in 
any areas subject to water or steam if those conditions are 
present. Conversely if the environment is dusty with the 
potential of foreign material build-up, then the machine 
must be capable of delivering the required performance.

There are many applications where the checkweighing sys-
tem is to be used in a designated hazardous or explosive 
environment (e.g. flour mill). For these applications it is 
important that the checkweigher design and construction 
should be independently certified by an accredited rec-
ognized body and the checkweigher supplier approved to 
make and sell such systems. For more information about 
explosive environments refer to Chapter 5.

2.1.2 Balance, Stability and Vibration Immunity

Very small movements in the mechanical construction 
(e.g. expansion due to temperature, mechanical shock, vi-
bration etc.) during operation can cause an imbalance in 
the weighcell that may cause the checkweigher to falsely 
reject. This is an undesirable situation; therefore mechani-
cal design and construction are as important as the elec-
tronics design in preventing and compensating for such 
movements. 

2.2 Conveyor System Design

The design of the conveyor system that transports the prod-
uct over the checkweigher must meet certain strict crite-
ria if it is to avoid interfering with the weighing results. 
A checkweigher conveyor with its different sections and 
transfer zones is much more than a modified transport 
conveyor. The design of the conveyor including transfer 
zones, reject device and additional options will have a ma-
jor impact on the effectiveness of the overall checkweigh-
ing program. 

Unless special precautions and design techniques are 
incorporated, static electricity buildup can influence the 
checkweigher, causing interference and a downgrading of 
accuracy.

Fully welded structures, properly balanced rollers and pul-
leys, isolated cross structures and weighcell mounting are 
essential to obtain the highest reliable performance. Con-
veyor belting materials should be manufactured to a very 
high standard with suitable joints. 

Effective product transfer methods and product handling 
are covered in greater detail in Chapter 5.

2.3 User Interface

As systems grow more complex, interfaces become increas-
ingly important. Where frequent product changes, adjust-
ment to the checkweigher parameters or extensive use of its 
capabilities on a regular basis are required, checkweighers 
with optimized keystrokes should be focused on. In addi-
tion, the operation of touchscreen systems should take into 
consideration the ability to use the screen in a production 
environment, especially in environments where users are 
required to wear gloves.

If day-to-day operations don’t involve a great deal of set-
up by line operators, if the checkweigher is controlled by 
a PLC or if each line runs only a few products, then the 
number of keystrokes to complete a command may not be 
as important. Using a SCADA system will provide a single 
point and consistent user interface for all the machines 
controlled by a PLC, and is a major benefit of PLC control.

The size of the weight display and the quality of the graph-
ics are extremely important where the operator needs to 
control the production status from a distance. 

In the event of a multinational workforce, multilingual 
displays directly linked to user profiles can be a definitive 
advantage.

2.4 Weighcell Considerations

All checkweigher suppliers have their own uniquely de-
signed weighing section, including the type of weighcell 
employed and the method of signal processing. The selec-
tion of the type of weighcell used is a result of the accuracy 
specifications required for the application combined with 
environmental and product handling parameters. There-
fore it is important to first determine what accuracy is re-
quired prior to selecting a weighcell technology. 

The accuracy of a dynamic weighing solution is directly 
linked to the speed, stability and the properties of products 
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being weighed. Up to a point, accuracy increases as con-
veyor speeds and line throughput decrease. The more sta-
ble the item is during weighing, the higher the accuracy.

Most checkweigher suppliers will always be able to offer a 
system which can meet the accuracy required by the ap-
plication. The highest precision checkweighers may how-
ever be limited by product size, weight, throughput and the 
system environment.

2.5 The Weighcell

There are many different weighing technologies, but the 
two most common weighcells used in checkweighers are 
strain gauge load cells and weighcells using the principle 
of force restoration.

2.5.1 Strain Gauge Load Cell 

The strain gauge load cell has two major components: 
flexures on a load bearing surface and a strain sensor. 
Load cells are often provided with external mechanical 
overload stops to prevent damage to the load cell if the 
load exceeds the weighing capacity.

The strain gauge load cell measures the strain (Figure 
2.2), or proportional displacement of sensors within the 
load cell, resulting from a load on the weighing platform. 
The strain is measured as a small voltage output. The out-
put varies linearly along the weight capacity of the cell as 
load is added or removed from the weigh conveyor.

A vertical load here...

...causes flexures
on the load bearing 
surface and a 
compression (c) 
or tension (t)
strain here

(c)

(c)
(t)

(t)

R

R

R

R

Wheatstone Bridge 
showing the 4 strain 
sensors (R)

Figure 2.2: Strain Diagram

The controller translates the voltage to a meaningful 
weight based on the system calibration.

How Does a Load Cell Measure Weight? 
A strain gauge is a thin film resistor whose resistance 
changes as the film flexes under load. A strain gauge load 
cell contains four strain gauges and fixed resistors con-
nected as a Wheatstone Bridge. The load cell passes a small 

voltage across the gauges. When the load cell is balanced 
each of the gauges has the same resistance (Figure 2.3).

When a force is applied to the load cell, the resistance is 
displaced unevenly across the bridge, creating a change 
in the voltage output. Ideally the changes occur linearly 
along the capacity of the load cell and the voltage change 
can be readily converted to a weight output (Figure 2.4).

Voltage out = 0

(R1)

(R3) (R2)

(R4) R1=R2=R3=R4

R = Measured 
resistance of the 
strain sensor in Ω

Figure 2.3: Balanced Load Cell (No Force Applied)

A vertical load here

Voltage out =

(R1)

(R3)
(R2)

(R4)

Vs = Input voltage

      (Vs x              ) - (Vs x              )
R1

R1+R4
R2

R2+R3

Figure 2.4: Unbalanced Load Cell (Force Applied)

In actual applications there are a variety of influence fac-
tors which can deteriorate the output and lead to inac-
curacies in the resulting weight readings; these include: 

 ▪ Temperature gradients – Strain gauges are sen-
sors and will sense any change in their condition. When 
temperatures are constant the load cell is stable and 
there is no adverse affect. As the temperature changes 
rapidly the strain gauges sense that change and the re-
sult is a change in the output which the controller will 
interpret as a change in weight. The two most com-
mon examples of rapid temperature changes is when 
the load cell is subjected to high temperature water or 
steam during a cleaning process or where the area is 
not environmentally controlled and the temperature in 
the morning is a comfortable 20 C°, however by noon it 
has risen to a hot 35 C°.

 ▪ Load cell material – All load cells are constructed 
from a base metal that has certain spring characteris-
tics. Ideally the load cell is a perfect spring and is both 
repeatable, and linear. However in most cases the base 
material is not a perfect spring and may show slight 
differences in the actual load sensed when comparing 
the output values as the load increases from zero to 
full capacity and then returns from full capacity back 
to zero. 
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 ▪ EMI and RFI influences – Changes in the output 
of a strain gauge load cell are measured in millivolts 
by the checkweigher controller. Often the distance 
between the load cell and the controller can be a few 
centimeters to many meters. Devices which emit strong 
electromagnetic and radio frequency interference 
(EMI/RFI) such as walkie-talkies, large motors, or 
medium to high voltage distribution panels  can cause a 
change in the load cell signal resulting in an erroneous 
weight reading. 

While these factors do present real potential inaccuracies 
for the weighing system it is important to note that a qual-
ity checkweigher manufacturer can provide sound instal-
lation strategies and precision components which reduce 
the effects of these influence factors. Factors which effect 
checkweigher accuracies are discussed in more detail in 
Chapter 4. 

2.5.2 Electromagnetic Force Restoration (EMFR)

EMFR weighcells gain their significant advantage by using 
the latest enhancements in weighing technology to im-
prove performance and provide sustained accuracy. EMFR 
weighcells are intelligent sensors which control and com-
pensate for a variety of functions that can directly influ-
ence the weighing performance such as the sampling rate, 
temperature compensation, filtering and noise reduction.    

EMFR weighcells are equipped with a high-performance 
digital signal processor, which allows for the use of ad-
vanced software filtering techniques. These filter algo-
rithms make it possible to sample or take more readings 
of the weight of the package as it passes across the check-
weigher. The more times you can “look” at the weight of 
the package, the more accurate you can expect the final 
weight to be. 
 
The EMFR weighcell also incorporates a precision temper-
ature sensor and temperature compensation library which 
eliminates the effect temperature changes may have on its 
performance. As described in the previous section strain 
gauge load cells require some time to stabilize after clean-
ing and sanitizing with hot water. An EMFR weighcell will 
allow you to start production immediately after cleaning 
without any negative impact on accuracy.

EMFR weighcells also have the capability to learn the 
unique noise pattern of the checkweigher as it is process-
ing packages. Each checkweigher will exhibit a unique 
noise profile while it is running (Figure 2.5). 

Figure 2.5: Checkweigher Noise Profile

The EMFR weighcell will automatically determine the best 
filtering algorithm to use, based upon information it pro-
cesses while the checkweigher is weighing. If something 
changes during the course of production such as increas-
ing the line speed in order to increase throughput or if a 
conveyor bearing begins to wear and no longer rotates free-
ly, the noise profile of the checkweigher will also change. 
The EMFR weighcell will detect and learn the new noise 
pattern and make the required adjustments to ensure that 
the highest possible accuracy is achieved and sustained all 
without any operator intervention. In the case of the worn 
bearing, the operator or service technician will be able to 
see that the bearing is wearing and take remedial action 
before it fails. This type of functionality is impossible with  
traditional strain gauge load cells.

There are also some drawbacks regarding EMFR weigh-
cells. They are larger in size than strain gauge load cells 
and require more complex mechanical integration for 
their use in a checkweigher. The initial investment in an 
EMFR based checkweigher is more expensive when com-
pared to a checkweigher supplied with a strain gauge load 
cell. However the difference in initial costs becomes insig-
nificant when weighed against the savings improved ac-
curacy will deliver over the life of the checkweigher.

How Does an EMFR Weighcell Measure Weight?
A rod within the weighcell deflects when a load is applied 
(Figure 2.6). The rod rests within an electromagnetic field. 
When the rod is displaced, a sensor tells the weighcell to 
apply a force to restore the rod to its resting position. This 
requires the weighcell to increase the current through its 
coil.
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S N
A vertical load 
at (a) causes 
an induced 
force at (b)

Magnet

CurrentRod

Deflection (a)

(b)

Figure 2.6: Unbalanced EMFR Weighcell (Force Applied)

When the current is increased, an upward force is gener-
ated within the magnetic field according to the electro-
dynamic “right hand rule”3. The weighcell increases the 
current through the wire until the upward force matches 
the load and the rod is realigned. The force restoration 
weighcell is an intelligent sensor which measures the in-
creased current and converts it to a weight. 

EMFR weighcells can be more accurate and responsive 
when compared with a strain gauge load cell. However, 
there is a greater variety of strain gauge load cells avail-
able and in some applications they may be better suited 
for the installation due to their smaller size and simplified 
mechanical integration. 

2.6 Weights and Measures Approval

Weights and Measures approval has an impact on choos-
ing the right weighcell for the checkweigher. When select-
ing a checkweighing system the following topics have to 
be addressed:

 ▪ Is Weights and Measures approval required or not, it’s 
important to consult with local Weights and Measures 
officials for guidance

 ▪ The maximum weight of the products to be weighed in 
your application

 ▪ The accuracy required

This information is essential for every checkweigher sup-
plier during configuration, system design and definition 
of the right weighcell technology. This information will 
also have a direct impact on the resolution of the weighing 
indicator. For more information on Weights and Measures 
see Chapter 9.

2.7 Reject Mechanism Design

Reject systems are a very important part of checkweighing 
systems and ensure that under and overweight products 
are effectively and reliably rejected from the production 
3 http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfor.html

line. A correctly specified system should be foolproof and 
capable of rejecting all under and overweight products un-
der all circumstances. See Chapter 5 for further details.

2.8 Throughput

Throughput is very important when considering the right 
weighcell technology to use. The higher the throughput, 
the less time there is to stabilize and weigh each product.

Checkweighers can run at throughput rates from one to 
several hundred items per minute. The longer the item (in 
the direction of travel), the faster the conveyor must move 
to maintain the same item throughput.

Both examples use a 10cm spacing between products

 ▪ A 10cm long item being weighed at 100 pieces per  
minute will be travelling along the conveyor at  
20 meters per minute

 ▪ A 20cm long item being weighed at 100 pieces per 
minute will be travelling along the conveyor at  
30 meters per minute 

Throughput and conveyor speed are usually inversely pro-
portional to accuracy. Sometimes a compromise has to be 
drawn between accuracy and line speed/throughput. In 
order to maintain high accuracy at high throughput, a 
common solution is to divide the line over multiple check-
weighers or use a multi-lane checkweigher. Dividing the 
line will reduce the throughput over each weighcell, while 
maintaining a constant throughput for the system.

Using a shorter weighing section helps to minimize con-
veyor speed while still maintaining an optimal through-
put. Ask your checkweighing supplier to calculate the op-
timum length of the weighing conveyor based on product 
length and the throughput required.

Note: Depending on product behavior, different check-
weigher configurations or options for each product type to 
increase accuracy, line speed or throughput may be re-
quired.

2.9 Hygienic Design

All checkweighing systems should be designed with due 
consideration to the environment in which they will op-
erate. Special attention should be paid to the cleaning 
regimes. Hygienic design principles should be applied 
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to every aspect of the system to eliminate dirt traps and 
facilitate easy cleaning. Design features compliant with 
HACCP/GMP should include:

 ▪ The elimination of cavities/bacterial traps

 ▪ The sealing of all hollow sections

 ▪ Avoidance of ledges and horizontal surfaces

 ▪ The use of open design, continuous welded frames and 
removable belts for easy access and cleaning

 ▪ Hygienic management of electrical cables, trunking 
and pneumatic services

2.10 Health and Safety

Health and Safety is an important consideration. Design 
and build of checkweighing systems should be certified as 
being in accordance with statutory regulations and stan-
dards in force at the time of sale. For example, CE marking 
in Europe or third party certifications such as UL/cUL in 
North America in relation to applicable machinery safety 
standards will minimize the risk of an employee being 
hurt. Any such injuries could result in costly personal in-
jury claims.

Your checkweigher should match the safety standards 
implemented at your plant. Pinch points should be 
minimized and guarded. An emergency stop may be 
critical. Some checkweighers come equipped with emer-
gency stop devices as a standard feature, others are an op-
tion (consider local legal requirements). Basic safety rules 
dictate to first eliminate or minimize the risk, by placing 
safety guards and warning labels on the machine about 
potentially hazardous actions and machine features.

Also check for agency approvals, such as UL or CE and 
ANSI B155.1 for packaging machinery. Look for lockout/
tag out features, single-drop power supplies and motor 
overloads. Also look for low voltage DC input/output sig-
nals. Consider inserting emergency stop functions along 
the entire line so that the line can be stopped at any loca-
tion.

2.11 Failsafe System Design

Consideration should be given to the implications of the 
failure of a system to function as intended. For example, 
when a reject device does not remove under and overweight 
products or a fault occurs within the checkweigher. It is 
considered good practice to integrate failsafe design fea-

tures into the checkweigher system to mitigate the risks 
associated with system malfunction. Reject confirmation 
systems can be used to confirm that under or overweight 
products have been rejected into the bin. 
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Chapter 3
Principles of Checkweighing and SPC

3.1 Statistical Data Analysis 

Products travelling along a production line are subjected 
to several hundred random events, such as wind currents, 
voltage peaks, humidity, changing product density and 
the effects of mechanical devices involved in the filling 
process.

Due to these random events, the same fill weight cannot be 
achieved on each occasion. Each weight will vary slightly 
from one package to another and as long as events affecting 
the filling are actually random and equally likely to occur, 
the weights will follow the laws of standard distribution 
also referred to as the normal distribution (see Figure 3.1).

99.7% of all products will fall within ±3 standard deviations

95% of products will fall within
±2 standard deviations 

µ-3σ                µ-2σ                 µ-1σ                  0                     µ+1σ              µ+2σ               µ+3σ

68% of products 
will fall within ±1 

standard deviation 

Mean Value of Products 

Figure 3.1: Normal Distribution

In a “Normal Statistical Distribution” 68% of values are 
within ±1 standard deviation away from the mean (μ) 
of the total production population; 95% of the values are 
within ±2 standard deviations and 99.7% lie within ±3 
standard deviations. 

This is known as the “68-95-99.7” rule and states that for 
a normal distribution, nearly all values lie within ±3 stan-
dard deviations of the mean.

To define and understand a normal distribution, there are 
two terms in statistics you must be familiar with; the aver-
age or Mean, denoted μ (pronounced “mu”) and Stan-
dard Deviation, denoted σ (pronounced “sigma”).

Note: The mean can also be denoted as 
—x  (x-bar) and 

is often used as the technical term when describing the 
mean of a set of values, traditionally used when differenti-
ating the mean of a sample (x-bar) versus the mean of the 
entire population (μ).

Mean 
The Mean or average is the sum of all values divided by 
the total number of values. Consider 5 bags with the fol-
lowing weights in kg: 8, 9, 10, 18, 20 as shown in Figure 3.2.

W
ei

gh
t (

kg
)

25

20

15

5

10

 µ = 13kg

Figure 3.2: Mean Weight of 5 Bags

The mean weight is (8+9+10+18+20)/5 = 13kg

Legal standards state that the average weight of packages comprising a “lot or batch” 
should be equal to or greater than the labeled weight and that no single package weighs 
significantly less or more than the labeled weight. To meet these legal requirements as well 
as to maintain an efficient packaging operation, the checkweigher operator and supervisor 
must understand the principles of checkweighing and Statistical Process Control (SPC). 
This knowledge enables companies to reduce problems resulting from under and overweight 
products.
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To avoid underweight products, the target weight for the 
process is usually set slightly above the labeled weight. If 
the mean weight is at or above the target, there is a good 
chance that the company will produce a legally compliant 
product, but this is not guaranteed. The variation of those 
weights must also be considered. 

Assume in Figure 3.2 that the labeled weight on a bag is 
10kg and the target weight is 11kg. According to a mean 
weight of 13kg, production is above the target and legal 
requirement, but looking at the individual weights shows 
us that 2 bags are underweight, one is correct and two are 
grossly overweight.

In this example the mean value while compliant does not 
accurately inform the user of process health or compli-
ance. A second measurement to determine how far each 
bag weight is from the mean, or in other words, what is the 
spread of the data required?

Standard Deviation 
The standard deviation of the population describes the 
spread of the weighing results from the mean of a nor-
mally distributed population. In Figure 3.3, the two dif-
ferent curves have the same mean, but different standard 
deviations. The red curve has a greater standard deviation 
than the green curve.

Weight (g)

Mean

Figure 3.3:  Two Different Normal Distributions

Compare the lines on either side of the mean in Figure 3.1, 
labeled μ-1σ and μ+1σ. As previously described these lines 
represent boundaries between which 68% of all weight 
data fall between the mean minus one standard deviation 
and the mean plus one standard deviation. These lines will 
move as the standard deviation changes, but the percent-
ages between them remain constant.

Returning to the bag example from Figure 3.2, the stan-
dard deviation is 5.6kg and the mean is 13kg. Using the 
definition in Figure 3.1, we know that 68% of all bags fall 

between 7.4kg and 18.6kg. However, this result is not very 
good, as it is only 68% of the bags.

To find the standard deviation of the data in the previ-
ous sample, use the formula and follow the steps as shown 
below.

Where (x1, x2, ..., xn) are the weights from the sample and 
—x is the mean of the sample. S represents the standard de-
viation of the sample and is an adequate representation 
of σ. 

For each value x, subtract the overall mean (—x) from x, 
then multiply that result by itself (also known as deter-
mining the square of that value). Add up all those squared 
values. Then divide that result by (n-1) where “n” is the 
total number of weights taken in the sample. Finally de-
termine the square root of the overall product which yields 
the standard deviation for the sample population.

Step 1:     
The mean weight is (8+9+10+18+20)/5 = 13kg

Step 2: 
Find the deviation of each number from the mean
 8 - 13  = -5 
 9 - 13 = -4
 10 - 13 = -3 
 18 - 13 = +5
 20 - 13 = +7

Step 3:
Square each of the deviations, which amplifies large devia-
tions and makes negative values positive
 (-5)2 = 25
 (-4)2 = 16
 (-3)2 = 9
 (+5)2 = 25
 (+7)2 = 49

Step 4: 
Sum up all of these squared deviations and divide the re-
sult by the quantity of samples minus one (spread of the 
sample data)

(25+16+9+25+49)/(5-1)= 31
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Step 5: 
Take the non-negative square root of the quotient (con-
verting squared units back to regular units)

√31 =  5.567

So the standard deviation of the set is 5.6

Note: Microsoft Excel® has a statistical function “STDEV”
which you can use to quickly calculate the standard devia-
tion for a set of weights.

Returning to the bag example, what would the range be 
at ± 2 standard deviations or 95% of the production yield.  
Since one standard deviation (1σ) is equal to 5.6kg, then 
2σ equals 11.2kg. The range of weights based on the 13kg 
mean value would be 1.8kg to 24.2kg. In Figure 3.3 the red 
curve represents this series of results. 

What if the existing filler was replaced with a newer ver-
sion that allowed for finer adjustments yielding the follow-
ing sample weights: 13, 12, 14, 12, 14kg? The new mean 
based on these samples is still 13kg, but the standard de-
viation is now 1kg.  At two standard deviations or 95% of 
the anticipated yield the range is now a very tight 11kg to 
15kg. This improvement is  represented by the green curve 
in Figure 3.3.

In production, the standard deviation of the product weight 
is largely determined by the characteristics of the filler.

One goal of checkweighing and SPC is to determine the 
mean and standard deviation values, so that the filling 
process can be controlled by raising the mean in such a 
way that the required percentage of the bell curve (the 
shape which is determined by the standard deviation) is 
above the legal limit.

Definition: Standard deviation is the spread of data 
around the mean of a normally distributed population or 
sample.

3.2 Defining Accuracy

The two most important factors when measuring the over-
all accuracy of a checkweigher are linearity and repeat-
ability. Also be aware that the word accuracy is interpreted 
differently for static weighing and dynamic weighing.

Checkweigher accuracy statements can be extremely con-
fusing. Depending on the supplier, any one of the state-
ments in Figure 3.4 could be correct. All six of the state-
ments represent a checkweigher which has an accuracy 

of 0.5 grams at 1 sigma (1 standard deviation). It is im-
portant when considering various quotes to translate the 
accuracies quoted into a common standard or to ask a po-
tential supplier to state the accuracy in a specific format.

-1σ            +1σ 

-2σ                              +2σ 

-3σ                                                 +3σ 

68% 

95% 

99.7% 

 ±0.5g @ ±1σ 

 ±1.0g @ ±2σ 

 ±1.5g @ ±3σ 

 1.0g @ 2σ   

 2.0g @ 4σ 

 3.0g @ 6σ 

Figure 3.4: Accuracy Statements for a Checkweigher Where One Standard 
Deviation = 0.5g

Static Accuracy
Accuracy is simply the ability of the scale to measure a 
known weight value correctly. For example, placing a 100 
gram weight onto the scale and seeing if it weighs exactly 
100 grams. The difference between the actual weight and 
the indicated weight is referred to as the error. The less the 
error, the better the accuracy of the system. 

Linearity 
Linearity is also a term closely associated with accuracy. 
Linearity is the ability of the checkweigher to accurately 
measure a known value over the range of the device. An 
example of which would be to use a series of test weights 
to measure the accuracy of the checkweigher from 1 gram 
to 100 grams in 1 gram increments. The fewer errors, the 
better the linearity of the system. The mean error describes 
the average difference between the indicated and actual 
weight of a package.

Repeatability
Repeatability is also sometimes referred to as precision. 
This is the checkweigher’s ability to weigh consistently over 
time. Using the same 100 gram weight, if you place it on 
and off the checkweigher 100 times, how many times would 
you get a value of 100 grams versus another value in dy-
namic operation mode? 

3.
 P

rin
ci

pl
es

 o
f C

he
ck

w
ei

gh
in

g 
an

d 
SP

C

18



Plotting accuracy and precision is very similar to target 
practice, the closer you are to the bull’s-eye the more accu-
rate the results. Each hit on the following diagrams sym-
bolize one weighing of a particular item. The following test 
scenario uses four checkweighers where an item is weighed  
five times on each. The center of the target symbolizes the 
static weight of the item measured on a calibrated static 
scale.

Figure 3.5: Scattered –  
High Standard Deviation, High Mean Error

Figure 3.5 shows a checkweigher where the results are very 
inaccurate and not repeatable. The results are not grouped 
together or near the center of the target. Generally, if a re-
sult such as this occurs it means that a part of the process 
has failed and thus requires immediate attention.

Figure 3.6: Accurate, But Not Repeatable –  
High Standard Deviation, Low Mean Error

Figure 3.6 shows a checkweigher where the results are ac-
curate but not repeatable. The results are grouped loosely 
around the target and would yield a performance curve 
that would be characterized by a very low mean error and 
a high standard deviation. While we can hit the middle of 
the target we cannot tune our aim well enough to hit the 
bull’s-eye. When results such as these are obtained slight 
adjustments to the checkweigher may be able to create a 
tighter grouping or precision around the bull’s-eye.

Figure 3.7: Repeatable, But Not Accurate –  
Low Standard Deviation, High Mean Error

Figure 3.7 shows a checkweigher where the results are re-
peatable but not accurate. The results are closely grouped 
but off-center. This would yield a very low and favorable 
standard deviation, however the mean value would be very 
high. While this type of performance is not desirable, the 
good news is it can be easily corrected using the dynamic 
correction factor of the checkweigher.

Figure 3.8: Accurate and Repeatable – 
Low Standard Deviation, Low Mean Error

Figure 3.8 shows a checkweigher where the results are 
accurate and repeatable. All results are closely grouped 
around the bull’s-eye and would yield both a low standard 
deviation and a low mean error over the entire production 
run.

3.3 Checkweigher Accuracy

Checkweigher accuracy is defined as the sum of the stan-
dard deviation and the mean error of the weighing results 
of a single item run across the checkweigher several times.

When checkweigher owners talk about checkweigher accu-
racy, they are usually talking about repeatability, not lin-
earity. Checkweighers can easily avoid or compensate for 
high mean errors. So how do we determine checkweigher 
accuracy?

Checkweighers typically cannot weigh items as accurately 
as a comparable static scale. When determining the ac-
curacy of a checkweigher the standard deviation must be 
calculated first.

The term “accuracy” is actually a measure of the indeci-
sion of the checkweigher. 

In the next example a single 110g product is weighed 100 
times on a checkweigher. The test is done in-motion with 
the product passing from the infeed conveyor across to the 
weigh conveyor and then on to the outfeed conveyor. The 
100 pass test yields a series of weight readings which vary 
from 109.7 to 110.3 grams as shown in Figure 3.9.  It is 
important to note that in this example this product had an 
actual weight of exactly 110g as determined by a separate 
calibrated static scale.
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110.0g

109.8g

109.7g 110.3g

110.2g

110.1g109.9g

-3σ          -2σ          -1σ           0            +1σ        +2σ          +3σ

Figure 3.9: 99.7 % of Results Between 109.7 and 110.3g

The resulting test data yields a checkweigher that has an 
accuracy of ±0.3g @ ±3σ or 0.6g @ 6σ.

Two additional points that this test reveals are important 
to understand: 

1. An item with an actual weight of 110g could be shown 
to have a weight of between 109.7 and 110.3 grams.

2. An item shown in the checkweigher data as having a 
weight of 110g could actually weigh between 109.7 and 
110.3 grams.

This is also known as the zone of indecision and is very 
important to know when setting limits. This will be cov-
ered in more detail when describing zone limits later on 
in Chapter 11.

“The term ‘accuracy’ is actually a 
measure of the indecision of the 

checkweigher”

Unlike a static scale, there are many dynamic forces act-
ing upon a checkweigher. These forces result from a wide 
range of environmental, package and application vari-
ables. Due to these forces, checkweigher accuracy does not 
equal the achievable accuracy of high precision balances. 
Consider the environment around a checkweigher: pack-
ages are continuously moving on and off the weighing 
conveyor, as fast as several hundred per minute.

An example is the process by which a person weighs them-
selves on a bathroom scale at home. The person steps on 
the scale and lets the weight settle until it displays a stable 
reading. If the person ran around the room and crossed 
the scale while moving, one would expect the weight read-
ings to vary. Checkweigher weighcells have very short settle 
times, but because the package never stops moving, the 
weighcell never fully settles in order to capture a single 
static weight reading. 

“Accuracy comes at a price”

To get a checkweigher with increased accuracy, a compro-
mise may have to be drawn on the sturdiness or flexibil-
ity of the machine to handle a variety of applications. A 
higher accuracy system may cost more money up front, 
however it will save much more product and profits in the 
long term by reducing product giveaway, scrap and rework 
costs. A checkweigher with lower accuracy may cost more 
in the long term.

3.3.1 Testing Checkweigher Accuracy 

The easiest way to measure the accuracy of a checkweigher 
is to perform a multipass accuracy test. It is as simple as 
taking a representative package off the production line and 
weighing that package on a static scale. The scale needs 
to be recently calibrated and checked and should have a 
resolution at least five times higher than the checkweigher. 
The static weight indicated has to be recorded.

450.0g

449.0g

448.5g 451.5g

451.0g

450.5g449.5g

-3σ          -2σ          -1σ           0            +1σ        +2σ          +3σ

Figure 3.10: 100 Pass Test With 68 Results Between 449.5g and 450.5g for  
an Accuracy of = ±0.5g @ ±1σ or 3.0g @ 6σ

Next run the same package over the checkweigher at the 
specified production speed. In this example 100 weighing 
results were taken, however on many systems the calcula-
tion can be performed with as little as 30 results. During 
servicing it is normal to use 30 results, whereas 60 results 
are typically used during conformity assessment. As each 
weighment is performed, the results must be recorded. 
Ideally a normal distribution of weights is established. Us-
ing this data, calculate the mean and standard deviation. 
Checkweigher accuracy can be defined at ±1, ±2 or ±3 
standard deviations (sigma) from the mean. The mean er-
ror equals the absolute value of the difference between the 
actual weight of an item and the mean weight calculated 
by the checkweigher.

In the example above, out of a 100 pass test, 68 of the 
weighing results are contained between 449.5 and 450.5 
grams. This would equate into an accuracy of ±0.5 grams 
@ ±1σ or 3 grams @ 6σ.
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3.4 Checkweighing: Part of an Overall  
Quality System

Checkweighing is not a quality cure-all, but is a very ef-
fective tool when used in conjunction with a well-designed 
quality control program. The checkweigher is only a mes-
senger which reports on processes upstream. With appro-
priate maintenance and periodic testing, a checkweighing 
system can ensure that no off-weight or incomplete pack-
ages reach the end consumer.

To ensure a checkweigher is running at its full potential, it 
should be included in preventive maintenance and clean-
ing programs. It is important that checkweigher suppliers 
offer preventive maintenance programs including perfor-
mance verification testing to keep the systems in top shape.

A perfectly good checkweigher may allow off-weight pack-
ages to continue along the line when the zone limits are 
set improperly. Quality personnel and others that are re-
sponsible for the operational use of the checkweigher need 
to be able to calculate acceptable weight and zone limits 
for each product and production line.

“Don’t shoot the messenger”

3.4.1 Feedback, Inspection and Tracking

The checkweigher is increasingly becoming both an input 
device and a feedback mechanism for overall Statistical 
Process Control (SPC). Checkweighers can count, calcu-
late statistics and automatically send feedback to other 
systems in the line based on the product weight.

Checkweighers can be equipped with other inspection tools 
including open flap detectors, wrappers, cap detectors and 
metal detectors. As an inspection tool, the checkweigher 
is a good place to document process performance for ISO, 
customer, agency and internal requirements.

As previously described, checkweighers can present infor-
mation on-screen, through an internal printer or in an 
output signal for a printer or a PC-based data gathering 
system. The controls can be integrated with a PLC and pro-
vide an interface between the checkweigher and a Supervi-
sory Control And Data Acquisition (SCADA) system.

Checkweighers today are highly capable for quality control 
and tracking. Ensure that you research all the functions of 

your present or future checkweighers for their maximum 
benefits and value to your organization.

3.5 Defining Minimum Required Accuracy

To ensure that the checkweigher will be as efficient and 
useful as possible, there is a minimum accuracy required 
for the system to work effectively. The best possible accuracy 
that in theory could be delivered by the checkweigher may 
not be suitable for the application. The product handling 
requirements and the environment in which the check-
weigher will run need to be considered. A “lab” quality 
checkweigher may not stand up well in a harsh industrial 
environment or food processing plant. It is therefore neces-
sary to consider the environment and package application 
as well as accuracy when investing in a checkweigher.

There are two basic types of checkweigher applications – 
“filling” and “counting”. Filling refers to free-flowing or 
bulk-filled products. Counting refers to piece weights or 
looking for a specific item’s weight within a package.

3.5.1 Filling

In filling applications, the higher the accuracy, the less 
product that will be given away. This applies to both the 
filler and the checkweigher. In filling operations, the aim 
is to achieve the highest possible checkweigher accuracy 
for the environment and application. Also important is the 
tare (container) weight variability. However, it is the filler 
that actually controls the fill weight distribution.

The most effective way to decrease product giveaway or 
percental rejects is to decrease the standard deviation of 
the filler. A smaller variance in filling allows the target 
weight to be set closer to the labeled weight (see Figure 
3.11). 

Target Weight

Target Weight

Labeled 
Weight

2σ 

2σ 

Decreasing the  
standard deviation of 
the filler reduces 
product giveaway

Weight (g)

Figure 3.11: Filler Accuracy
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Decreasing the filler’s standard deviation reduces product 
giveaway. The standard deviation of the filler can be re-
duced by following these guidelines:

 ▪ Use a filler suited to the product

 ▪ Maintain the filler to an optimum condition

 ▪ Provide a uniform product flow to the filler

Please refer to Chapter 12 “Increasing Efficiency” and how 
feedback control works.

3.5.2 Counting

When checking for missing items or “counting” the items 
per package by weight, the total standard deviation of the 
package including all of its components must be calcu-
lated.

The total standard deviation (SDtotal) multiplied by three 
(3 x SDtotal) must be less than the weight of the smallest 
component to be verified by weight. If 3 x SDtotal is greater 
than the smallest component, the checkweigher will not 
be able to determine by weight whether the component is 
actually in the package. When the total variability of the 
package is greater than the smallest component weight 
that is to be checked, then a checkweigher may not work 
in the application. A tare-gross checkweighing system may 
be used if the greatest variation is caused by the container.

If the total variance of the package is less than the 
component weight, then the checkweigher accuracy 
must be better than the weight of the smallest com-
ponent minus the total package weight variance,  
i.e. ≤ 0.8 x [Wcomp. - (3 x SDtotal)], where Wcomp. is the 
weight of the smallest component, SDtotal is the standard 
deviation of the package and all its components and 0.8 
is a safety factor. The checkweigher accuracy (Acw) can 
be defined at ±1, ±2 or ±3 standard deviations with the 
same formula:

Acw ≤ 0.8 x [Wcomp. - (3 x SDtotal)]

Note: If the accuracy is calculated at 1 standard devia-
tion, only 68% of items with weights equal to the reject 
point will be classified correctly. The same accuracy value 
at 3 standard deviations will ensure 99.7% of the same 
items are classified correctly (see Section 3.1).

Example: The minimum required accuracy to find a 
component by weight:

First find SDtotal which is the sum standard deviation of 
each component, including the packaging.

(3 x SDtotal) + Acw ≤ Wcomp.
Acw ≤ Wcomp. - (3 x SDtotal)
Acw ≤ 0.8 x [Wcomp. - (3 x SDtotal)]

8 tablets each weighing 2g should be packed into a box. 
The weight of the packaging is 32g. The total weight of the 
box including all components is 48g.

2g

2g

2g

2g

2g

2g

2g

2g

8 Tablets x 2g = 16g.  

Figure 3.12: 8 Tablets Example

5 boxes with the following weights in grams (48, 47, 48, 
48, 47), result in a standard deviation of 0.547 (SDtotal). 
Multiplying the SDtotal by 3 gives the result 1.64, which 
is less than the weight of the smallest component (2g). If 
the result was higher than 2g it cannot be determined by 
weight whether the component is actually in the package.

Acw ≤ 0.8 x [2g -(3 x 0.547)]

Based on the above formula the accuracy of the check-
weigher (Acw) must be better than 0.287g.

Note: It is also possible for some checkweighers, which 
perform completeness checks, to display the amount/quan-
tity of products instead of just the weight, both on-screen 
and in statistical reports. Using the product at Figure 3.12 
as an example, the display would show “8 Tablets”.
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Chapter 4
Factors Which Affect Accuracy

4.1 The Environment

Common to all checkweighers, the environment affects 
accuracy. Some checkweigher systems are better equipped 
to work in extreme environments than others; Figure 4.1 
illustrates the major environmental hazards to check-
weigher accuracy.

Some weighcells are not  suited to handle high moisture 
and temperature fluctuations. Strain gauge load cells 
that are not hermetically sealed can be compromised by 
external contaminants. Excessive temperatures and tem-
perature gradients can also affect weighing performance.

Debris and dust falling on and around the weighing 
section can offset the zero setting on the checkweigher. If 
debris continually builds up on conveyors or platforms, 
then the checkweigher will need to continually re-zero. It 
is an effective strategy to shield the weighing section from 
foreign matter or to keep a reasonably clean production 
area around the checkweigher.

Any vibration introduces “noise” or unwanted signals to 
the checkweigher. The cause could be a hopper, a nearby 
press or even another conveyor in contact with the check-
weigher. High performance checkweighers can automati-
cally filter out some extraneous noise. However, for optimal 
performance, a checkweigher should be isolated from ex-
traneous vibrations.

Air currents can also affect checkweigher indications. It 
is especially important to avoid drafts around highly sensi-

tive checkweighers such as those commonly used in the 
pharmaceutical industry. Even if air movement is kept to a 
minimum, a draft shield may still be helpful. If you have a 
highly sensitive checkweigher, try passing your hand over 
the weighing section without touching it. You may notice 
a weight fluctuation.

Electrical noise such as electro static discharge (ESD), 
electromagnetic interference (EMI) and radio frequency 
interference (RFI) can interfere with checkweigher in-
dications. RFI can be caused by pagers, cell phones and 
“walkie-talkies”, as well as by other machines. Variable 
frequency drives and other components within the check-
weigher enclosure, if not properly shielded, can also have 
an adverse effect on sensitive weighing and data process-
ing circuits. The build-up of static electricity on a check-
weigher will result in apparent weight build-up very quick-
ly and cannot be filtered from the readings. The static 
build-up can be caused by the machinery or items crossing 
the weighing section. It is recommended that anti-static 
draft shields are used for very sensitive applications as even 
a draft shield or guard can cause static build-up. Further-
more, all components should be earthed.

A caustic environment can degrade a weighcell and 
other components. Checkweighers are available in many 
materials. Stainless steel components will stand up to 
harsh environments or frequent contact with water. Other 
materials can be coated with a resistant paint, but these 
will not stand up to harsh washdown environments.

Several conditions can affect the accuracy of a checkweigher. There are ways to compensate 
for or eliminate these problems in a production environment. When considering investing in 
a checkweigher, always take into account environmental production factors and the product 
attributes that can affect the checkweighing accuracy.
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Figure 4.1: Environmental Effects on Accuracy

Some weighcells are made of aluminium. These work well 
and cost less than stainless steel weighcells, but they are 
not designed for contact with water or other corrosives. 

One of the most common causes of poor accuracy is 
mechanical abuse. Any employees working with and 
around checkweighers can unknowingly damage the 
checkweigher. Common examples include: stepping on a 
weighing platform, placing too much torque on a weigh-
cell by tightening a bolt or twisting a weighing conveyor 
body and cleaning the checkweigher inappropriately.

4.2 The Product

The ideal product for a checkweigher is tightly enclosed 
in a uniform packaging and will not jostle, shake or vi-
brate as it passes along the checkweigher. The viscosity of a  
liquid product can affect weight readings at the check-
weigher when it shakes or vibrates (Figure 4.2).

When the package passes onto the weighing platform, the 
less stable the contents, the more time the weighcell will 

require to obtain an accurate weight reading. There are 
many ways to handle product instability (see Chapter 5 
“System Design and Applications”).

Travel 

Figure 4.2:  Vibrating Product

Like other debris, loose product falling on the scale may 
inhibit accurate weight indications (Figure 4.3). Nearly 
all checkweighers periodically re-zero the weighcell when 
there is a gap in the line, but usually this is not possible be-
tween every item. The zero reading can float to account for 
falling product, however, this will not catch every spilled 
product. For example, if open bags of flour are running 
across a checkweigher, the first bag may drop a pile of flour 
on the platform. This pile may not clear before the next 

Spillage

Moisture/Washdown

Corrosion

Mechanical
Abuse

Extreme 
Temperatures

Floor Vibrations

Air Movement

Static/RFI

25



bag is weighed. The checkweigher does not have time to 
re-zero before the next package. Even though the second 
bag is underweight, the checkweigher might accept it with 
the additional weight of the spilled product.

In conclusion, good design practices for applications where 
accumulation of spilled product or foreign material must 
be considered include minimizing the available surface 
area where product could accumulate or incorporation of 
fall-though zones to assist cleaning routines.

Travel 

Figure 4.3: Loose Product

A low, wide package is much more stable than a tall, thin 
package. For example, shampoo bottles are usually con-
sidered unstable due to their high height to width ratio. 
As a shampoo bottle crosses a checkweigher or transfers 
from one conveyor to another, it has a tendency to wobble 
(Figure 4.4).

Travel 

Figure 4.4: Unstable Products

Unstable products which wobble will affect the accuracy 
of the reading, as they may never fully settle. Guide rails 
before and after the checkweigher can help, but they may 
not touch an item once on the weighing platform.

Similar to the height to width ratio, the footprint of the 
item is also very important. The more surface area touch-
ing the weighing conveyor, the better. The lower the center 
of gravity, the more stable the package will be. Therefore, 
it is important to specify the footprint as well as the physi-
cal dimensions of the item to a checkweigher supplier. It is 
easier to weigh uniform cartons and cans than polythene 
bags whose shape and footprint may vary from item to item 
(Figure 4.5). It is more difficult to account for variably 
shaped products when programming the checkweigher 
and this may result in programming a shorter weigh time. 

On most checkweighers, a photoeye sensor indicates that 
an item is entering the weighing area. A product with a 
non-circular footprint that is turned from one side to an-
other or a shifting product may trigger the checkweigher to 
start recording weights prematurely, thus reading the item 
as underweight. Items should reach the checkweigher with 
the same orientation every time.
 

Travel 

Figure 4.5: Variably Shaped Products

Reflective products, such as some polythene bags, metallic 
surfaces and film-wrapped cartons can confuse the pho-
toeye. This could result in the weight measurement being 
late (indicating a light item) or not recording a weight at 
all. The problem may be solved by adjusting the angle of 
the photoeye or the overhead lighting. In some cases a spe-
cial photoeye for reflective products may be required.

Improper timing and spacing of items may overload the 
weighcell by placing more than one package on the weigh-
ing section at a time. As a general rule, items should be 
spaced a couple of centimeters further apart than the 
length of the weighing section.

Travel 

Figure 4.6: Improper Product Spacing
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Chapter 5
System Design and Applications

This chapter provides practical guidance on equipment se-
lection and explains how to adopt best practice techniques. 
It is divided up into 3 main areas:

 ▪ Package handling

 ▪ Rejecting items

 ▪ Environmental considerations.

5.1 Package Handling

A very important part of checkweighing is package 
handling. Exact and uniform package spacing in 
combination with a high degree of product stability are 
key factors in achieving accurate weighing results.

Some checkweighers are specifically designed for certain 
types of packages, such as cans, bags, cartons, cases, 
heavy items, light items, tall bottles and so on. Some are 
built for unstable products which could be top-heavy, have 
a small footprint on the conveyor or have an unfavorable 
height-to-width ratio.

In pharmaceutical production lines checkweighers are 
equipped with special options to make the process more 
secure. These options include devices that ensure that the 
packages are properly directed, oriented and rejected. This 
avoids downstream equipment failures and allows for veri-
fication methods to improve the product quality process.

Rigid packages with consistent footprints, such as cans or 

cartons, run well over chains, while bags and malleable 
items usually run better on belts. Guide rails can direct 
and stabilize items which are greater in height than in 
width. Some small or unstable items require timing screws 
in order to space products before reaching the weighing 
section.

There are many different types of conveyor belts and mate-
rials which can be used on the weighing section to reduce 
friction and increase accuracy. Two examples of these are:

 ▪ Strip belts, which are used for small products for higher 
accuracy

 ▪ O-rings, which reduce the effect that spillage during 
weighing has on weighing results.

Friction is also caused by moisture under the belt and the 
downward force of the item on the belt. This can be mini-
mized by using weighing platforms with special surface 
characteristics, special belts or adapted cleaning and dry-
ing procedures. 

5.1.1 Transfers

The transfer of products from the production line to the 
checkweigher and then back onto the production line is 
extremely important, as any unnecessary movement of 
the product during weighing will affect the accuracy. Vi-
bration caused through hard or uneven transfers between 
systems will also have a negative effect on the weighing 
accuracy. There are as many possible transfer solutions as 

Having discussed the defining features of a reliable checkweighing system in the previous 
chapters, it is important to understand the available types of systems, where they can be 
installed and how to correctly specify them with regard to application, best practice and 
accepted codes of practice. Time spent correctly specifying the checkweighing system will 
be rewarded by avoidance of major modifications after installation and ease of equipment 
verification.
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there are products and applications. Below a few common 
transfer solutions for difficult products have been listed:

 ▪ Sidegrip transfer belts at Figure 5.1

 ▪ Mechanical transfer units at Figure 5.2

 ▪ Side transfer at Figure 5.3

 ▪ Powered and gravity rollers

Travel 

Production Line Infeed Conveyor

Figure 5.1: Sidegrip Transfer Belts, Top View

Travel 

Infeed

Height Adjustment Screw

Cartoner

Figure 5.2: Mechanical Transfer Unit, Side View

Travel 

Figure 5.3: Side Transfer, Top View

Checkweighers are also available with small diameter pul-
leys and dovetail transfers (Figure 5.4) for smoother trans-
fers of unstable items.

Travel 

Figure 5.4: Dovetail Transfer Belts, Top View

When the infeed and outfeed conveyors on either side of 
the checkweigher have large diameter rollers, forming 
a gap between them, then a transfer plate or additional 
roller with smaller diameter can be used.

5.1.2 Package Spacing with Conveyors

In order to weigh accurately, it is essential that only one 
item at a time is on the weighing section. If there is not 
enough spacing between items, errors will occur in weigh-
ing. In order to create or maintain an appropriate pitch, 
spacing belts speed up products and create a larger gap 
between items, as shown in Figure 5.5. In this case the 
spacing conveyor will run at a faster speed than the pro-
duction line.
 

Production 
Line

Spacing 
Conveyor

Weighing 
Conveyor

Consistently spaced product with 
a too short pitch

Travel 

Fast to pull
correct gap

Same speed
as spacing
conveyor

correct
pitch 

Figure 5.5: Package Spacing, Top View

If items are randomly approaching the checkweigher with-
out any consistent spacing, as shown in Figure 5.6, it may 
be necessary to time packages. A timing conveyor creates a 
uniform spacing between items.

Typically the timing conveyor will slow the packages to 
create end-to-end spacing (where the pitch equals the 
length of the item). Timing prepares items for the spacing 
conveyor.
 

Production
Line

Timing 
Conveyor

Spacing 
Conveyor

Weighing 
Conveyor

Randomly spaced 
product

Travel 

Slower than
Prod. Line

Fast to pull
correct gap

Same speed
as spacing
conveyor

correct
pitch 

Figure 5.6: Package Timing and Spacing, Top View

The “Golden Rule of Spacing” can be applied to determine 
your spacing, conveyor speed and line throughput.

The Golden Rule:

Conveyor Speed = Packages per Minute x Pitch

100PPM x 400mm pitch  
= 40,000mm/min./1000  = 40 m/min

Pitch is the distance between two items, measured from 
the leading edge of one item to the leading edge of the next 
item or from center to center, in millimeters.
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If a timing section is not used when there is random item 
spacing as shown in Figure 5.6, then the spacing and 
weighing sections must run at a higher speed to create the 
correct gap especially for the worst case scenario (end-to-
end items). In this case, the speed increase would result 
in accuracy being compromised and additional wear and 
tear of the checkweigher components. 

Note: There are a wide variety of very general rules about 
speed differentials, one of which is that the difference be-
tween 2 conveyors’ speeds should not be more than 10 to 
15 m/min, otherwise the product may change its orienta-
tion. The checkweigher supplier will need to be consulted 
as these parameters change based on the package itself. 

5.1.3 Other Spacing Solutions

It may not be possible to use conveyors to space difficult 
to handle products. This is mainly due to stability chal-
lenges caused by a sudden acceleration or deceleration of 
the products. While there are numerous spacing solutions, 
two of the most common alternatives include:

 ▪ Timing screw at Figure 5.7

 ▪ Star wheel and sidegrip conveyors at Figure 5.8

Travel 
Correct 
Pitch 

Figure 5.7: Timing Screw, Top View

Travel 

Production Line

Infeed Conveyor

Figure 5.8: Star Wheel and Sidegrips, Top View

Note: Package timing and spacing is a critical part of 
package handling and accurate checkweighing.

Some packages cannot be timed consistently. Packages 
must be rigid and not suspect to shingling. Since bags do 

not have rigid sides, they will squeeze together when slowed 
down. Flaps extending in the direction of flow will cause 
shingling of items when they come end-to-end. Shingling 
can cause even worse package handling problems down-
stream.

If the checkweigher will be directly downstream from a 
bagger, case-packer or filler, the items are very likely to be 
timed and spaced properly.

5.1.4 Universal Product Handling Tips for Check-
weighers

 ▪ Lateral guide rails before and after the weighing plat-
form will help maintain product stability; however, 
items should not come into contact with the guide rails 
while being weighed.

 ▪ Where product build-up is a concern, automatic re-zero 
must be used and enough space between packages must 
be provided to allow the checkweigher to re-zero.

 ▪ The wider the product the better. Due to its center of 
gravity, a low, wide item is more stable than a tall, thin 
item. This is important to know for product designers.

5.2 Rejecting Items

The best way to reject a product is dictated by the product 
characteristics, application requirements and the remedial 
action which may need to be taken. The following contains 
information about basic rejection devices, their function 
and brief descriptions where they are normally employed.

A reject signal is sent from the checkweigher controller to 
a rejector on the checkweigher or further downstream. Re-
jection devices can be an integral part of the checkweigher 
or supplied separately. Timers are set so that the correct 
item will be rejected after being defined as off-weight.

Checkweighers can also accept reject signals from other 
flaw detection devices such as metal detectors and X-ray 
inspection devices, open flap, missing cap and askew pack-
age detectors and reject those items from the line. 

Several methods are used to reject items. A simple air jet 
is optimal for lighter packages up to 500 grams, when the 
item is self-contained (Figure 5.9). Heavy duty air jets can 
also be employed to remove larger pillow style bags of prod-
ucts. If the product is fragile or in an open container then 
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other, softer ways of rejection are recommended. An air jet 
rejector consists of an air hose which forces air through a 
nozzle at high pressure. The resulting air jet blows items 
off the conveyor. Key factors for success with air jet rejec-
tors include instantaneous flow rate of the air, the density 
of the package, and the even distribution of the material 
inside the package.

Reject

Reject

OK

Figure 5.9: Air Jet Rejector, Top and Side View

Push-off rejectors (Figure 5.10) can be used over a wide 
package size and weight range. Push-off rejectors consist 
of an air cylinder and a plate mounted to the piston shaft. 
When an item is to be rejected, the air cylinder is activated 
by compressed air and the plate at the end of the piston 
pushes the item from the conveyor.

Reject

Reject

OK

Figure 5.10: Push-off Rejector, Top and Side View

Plow and sweep-off rejectors (Figure 5.11) can reject prod-
ucts more gently than an air blast or some push-off rejec-
tors and can be used with open containers or items which 
will be reclaimed. Plow and sweep-off rejectors are similar 
to push-off rejectors but use a paddle on a pivot point to 
“sweep” items from the conveyor.

Reject

Reject

OK

Figure 5.11: Sweep-off Rejector, Top and Side View

Rotary tables or roller paths opposite the rejector can be 
used to collect items in an upright position for later col-
lection. 

Gates can divert and guide products between multiple 
lanes. Gates can be used as a soft reject or classifying tool. 
They are usually activated pneumatically. Center gates 
(Figure 5.12) pivot on a vertical plane and direct items to 
the left or right.

Center Gate
 Rejector

OK

Weighing 
Conveyor

Reject

Travel 

Figure 5.12: Center Gate Rejector, Top View

Parallel gates (Figure 5.13) are more sophisticated and 
provide better support to the sides of the package and can 
be a softer reject than a single gate. They are ideal for open 
or unstable containers, as they guide items once they are 
within the gates in a smooth manner. Gates should be used 
in combination with low friction belts which permit items 
to slide to the side easily.

Parallel 
Gates

OK

Weighing 
Conveyor

Reject

Travel 

Figure 5.13: Parallel Gate Rejector, Top View

Line dividers (Figure 5.14) can divert items into two or 
more lanes and are used to reject, classify, divert or con-
verge items. As a rejector, they are used with unstable and 
unpackaged items such as open bottles or trays with meat 
and poultry for extremely soft rejects. Shallow sliders or 
plates carry the product to the appropriate lanes.

Line 
Dividers

OK

Weighing 
Conveyor

Reject

Travel 

Figure 5.14: Line Dividers, Top View

Pneumatic rejectors will require a clean source of air. 
Small filters are available which can clean air just before 
the rejector. Pneumatic supply systems should include de-
oilers and de-moisturizers. 
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Lift gates (Figure 5.15) or drop-down rejectors (Figure 
5.16) are conveyors which mechanically slant upwards or 
downwards to reject items. 

Travel 

Outfeed

OK

Reject

Figure 5.15: Lift Gate Rejector, Side View

They are useful for items which are difficult to direct 
away from the direction of travel. There are limitations 
on item height and throughput for lift gate and drop down  
conveyors. 

Travel 

Outfeed

OK

Reject

Figure 5.16: Drop-Down Conveyor, Side View

A majority of checkweighers can sound an alarm or stop 
after a preset number of consecutive items are rejected. 
This will minimize the number of rejected products and is 
normally a clear indication that there has been a system 
failure somewhere on the production line.

Some checkweighers, especially those used to weigh large 
cases or barrels, will send the signal to stop a conveyor 
and sound an alarm when they find an off-weight package. 
Stopping the conveyor is practical at low item throughput 
and when few rejects are expected, as they require a man-
ual response by an operator to continue production.

5.2.1 Reject Timing

A delay is always required between the moment of weight 
determination and arrival at the rejection point. This 
can range from fractions of a second on high-speed ap-
plications, where the checkweigher and reject device are 
close together, to as much as 30 seconds when rejection 
is planned at some remote point, either manually or au-
tomatically. 

5.2.2 Variable Speed/Stop-Start Applications

Accurate rejection and timing become more complex if the 
transport conveyor has variable speed or can be stopped 
with products between the weighing section and the re-
ject system. The time taken for the product to move to the 
reject position is not constant and so a simple time delay 
method cannot be used.

The exact position of all products on the system are per-
manently monitored and calculated by the checkweigher 
using the pulse output generated by the conveyor motors 
in combination with light barrier sensors. These signal the 
amount of belt movement after each product has entered 
the system including when it is transferred to following 
sections.

5.3 Product Changeover

Product changeover may involve the adjustment of many 
attributes including control settings, guide rails and belt 
speeds. Most checkweighers have a memory setup for sev-
eral products, typically 100 to 400 products. Changing 
products saved in memory should be a matter of pushing a 
few buttons. Once the timers and limits have been set for a 
product the first time, any subsequent changeovers should 
be simple and fast.

Product memory should be sufficient for all product re-
quirements, especially where numerous products are run 
or varying speeds are required. It is probably a good idea 
to save some room for expansion as well. Warehouses may 
have short runs of thousands of different items and pack-
ages. In these cases, some manual setup may be necessary.

The set up can be remotely and automatically changed by 
utilizing a PLC interface with the checkweigher (for more 
information on PLC see Chapter 12). This does not include 
any mechanical changes, such as the width of guide rails 
or chain centers, but includes all the underlying pre-pro-
gramming of tare weights, classification limits, and vari-
able speed motor control.

It is recommended to look for guide rails which are quickly 
adjustable for applications with different item sizes. They 
should be easily adjusted without any tools in a few seconds.

Some conveyors are set up to change center line widths 
quickly. Once again, flexible positioning is very useful if 
running different sized items consistently. In many ap-
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plications, it is not necessary to adjust the width of the 
conveyor section.

Variable speed drives should be used when running items 
at different rates, otherwise, some items may be weighed 
faster than necessary. Variable speed drives are especially 
useful when package size, spacing, and line rates change 
from product run to product run. Speed settings can be 
stored within the product setup.

Some checkweighers can optionally read bar codes by 
means of scanners and then change product and weight 
limit setups automatically as an item approaches. Bar 
code scanners are especially useful in warehousing and 
mail applications where boxes may be filled and checked 
in a random order.

5.4 Environmental Considerations

When considering the environment, it can be difficult to 
know exactly which type of checkweigher is needed and 
it may be easier to consult with the checkweigher supplier 
for guidance. 

Several application considerations will help to define your 
basic checkweighing needs: system environment, required 
accuracy, line rate and package specifications. The follow-
ing pages will discuss environment aspects.

5.4.1 Environment

Chapter 4 has already discussed the environmental attri-
butes which potentially affect checkweigher accuracy and 
service life. Consideration must now be given how these 
attributes determine the environmental requirements of a 
checkweigher.

Temperature
The application may be in a refrigerated or heated area. 
It might be weighing frozen, refrigerated or heated items 
and the ambient temperature may vary by 10 or more de-
grees during the day. Temperature may also affect some of 
the other routine processes in productive systems. In most 
checkweigher applications, temperature will not be an is-
sue, but if there are major fluctuations or extremes, it is 
best to make this clear to the checkweigher supplier.

Large temperature fluctuations or extreme temperatures 
can cause condensation. In such cases it is necessary to 

use insulation and sealing for controls, junction boxes, 
motors and weighcells against condensation. Extremely 
hot or cold products may also call for the use of special 
belt materials.

Strain gauge load cells will sense changes in temperatures 
or gradients and portray that change as an inaccurate 
weight. Once the temperature stabilizes the checkweigher 
can resume normal operations and accurately process the 
packages.

Moisture
If there is excessive moisture or condensation on or around 
the items to be weighed or if surfaces are to be regularly 
washed down with water, the checkweigher will need an 
appropriate water ingress protection level. Mild steel and 
untreated aluminium will eventually corrode in a wet en-
vironment even if it has a water-resistant paint or coating.

If moisture collects only at the product area, then stainless 
steel and waterproof components around the product area 
may be sufficient.

Caustic Product or Environment
If the products or cleaning regiment contain corrosive ele-
ments such as chlorinated chemicals, sugars or salt, then 
the checkweigher will need to be designed and built to 
stand up to harsh washdown conditions.

HACCP 
Hazard Analysis and Critical Control Points is a systematic, 
preventive approach to food safety that addresses physical, 
chemical and biological hazards as a means of prevention 
rather than finished product inspection. HACCP is used 
in the food industry to identify potential food safety haz-
ards, so that key actions, known as Critical Control Points 
(CCPs) can be taken to reduce or eliminate the risk of the 
hazards being realized. The system is used at all stages of 
food production and preparation processes including food 
processing, preparation, packaging and distribution.

Water Ingress Protection Standards
The National Electrical Manufacturers Association (NEMA) 
established standards for industrial controls and systems. 
These standards classify systems by their ability to keep 
particles and moisture out of an enclosure or connector. 
The following terms describe the environmental protec-
tion required by the checkweigher controls and enclosures. 
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Additional information and extended descriptions can be 
obtained via the Internet. Common classifications include:

 ▪ IP 30 – Prevents ingress of objects >2.5mm (tools, 
thick wires, etc.). 

 ▪ IP 54 – Ingress of dust is not entirely prevented, but it 
will not enter in sufficient quantity to interfere with the 
satisfactory operation of the equipment. Water splash-
ing against the enclosure from any direction will have 
no harmful effect.

 ▪ IP 65 – No ingress of dust. Protected from water jets. 
Water projected by a nozzle against enclosure from any 
direction shall have no harmful effect.

 ▪ IP 66 – No ingress of dust. Protected from powerful 
water jets. Water projected in powerful jets against the 
enclosure from any direction shall have no harmful  
effects

 ▪ IP 67 – No ingress of dust. Protected against immer-
sion up to 1 m. Ingress of water in a harmful quantity 
shall not be possible when the enclosure is immersed 
in water under defined conditions of pressure and time 
(up to 1 m of submersion).

 ▪ IP 69k – Standard DIN 40050-9 extends the protection 
for high-pressure, high-temperature washdown appli-
cations. Such enclosures must not only be dust tight 
(IP6X), but also able to withstand high pressure and 
steam cleaning. The test specifies a spray nozzle that is 
fed with 80°C water at 8 – 10 MPa (80 – 100 bar) and a 
flow rate of 14 – 16 l/min. The nozzle is held 10 – 15cm 
away from the tested device at angles of 0°, 30°, 60° 
and 90° for 30 s each (Figure 5.17). The test device sits 
on a turntable that rotates once every 12 s (5 rpm).

90o

60o

30o

0o

10-15cm

Figure 5.17: IP 69k Testing

Note: Enclosures provide little protection if they are left 
open or unfastened. Keep electrical enclosures closed un-
less the internal components are being serviced.

Hazardous Environments (Class I/II, A/B) ATEX 
zone 2 or 22
A hazardous classified area is any space indoors or out-
doors that has explosive gas, vapor, dust or airborne par-
ticles which, when mixed with air, can reach dangerously 
explosive concentrations. Any industry can have hazardous 
classified areas. An organization must adhere to certain 
requirements depending on the classification of hazards to 
prevent a fire or explosion.

There are several methods of protection. The most basic is 
to keep all equipment which could cause a fire or explosion 
out of the classified area. 

Other methods include using only intrinsically safe equip-
ment, explosion-proof enclosures or purge systems. Purg-
ing an enclosure consists of maintaining positive pressure 
air flow through it to keep any hazardous (flammable) 
substances from the environment. It is crucial to eliminate 
or reduce sparks and static electricity. 

If the checkweigher will be running in a classified area, 
the environment will need to be protected with at least one 
of the above methods. Explosion-proof checkweighers and 
components are available.

Refer to Figure 5.18 for a description of hazard classes.

Nomination Description

Class I Flammable gases or vapors,  
Groups A, B, C, D

Class II Combustible dusts, Groups E, F, G

Class III Ignitable fibres and flyings

Division I Class, II, or III normally present

Division II Class I, II or III present on a failure

Unclassified Hazardous properties far away enough 
from a classified area to be determined 
safe

Figure 5.18: Hazardous Area Classifications

See the National Electric Code Book (N.E.C.) Article 500 for 
a more detailed explanation of hazard classes. In Europe 
you can refer to the ATEX classification DIRECTIVE 94/9/
EC OF THE EUROPEAN PARLIAMENT AND THE COUNCIL 
on the approximation of the laws of the Member States 
concerning equipment and protective systems intended for 
use in potentially explosive atmospheres.

5.4.2 Ambient Vibrations and Air Movement

The weighing frame must be isolated from all other ma-
chinery components to minimize the transmission of vi-
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brations which could adversely affect the weighing results. 
Checkweighers can be positioned on pedestals which have 
different vibration characteristics as the factory floor. Air 
movements which can have an influence on the weighing 
results can be caused by air conditioning units, ventilators 
and even open windows or air turbulence caused by pass-
ing forklift trucks. 

It may be decided that an isolated weighing section, spe-
cial dampers or draft shields are necessary for the applica-
tion. The draft shield is useful in high precision applica-
tions, but may not add value in lower accuracy systems or 
reasonably still environments.

5.5 Protecting the Checkweigher from its 
Surroundings

There are different methods to protect the checkweigher 
from its surroundings:

 ▪ Keep a clean work area

 ▪ Shield the weighing section from falling debris

 ▪ No other mechanical systems should be in physical 
contact with a checkweigher 

 ▪ Bolt the checkweigher firmly to sound ground 

 ▪ Isolate the checkweigher from other machinery with 
heavy vibrations 

 ▪ Isolate the checkweigher from wind or air current, or 
install shields if necessary 

 ▪ Earth all shields and components touching the check-
weigher 

 ▪ Deionize the product if necessary 

 ▪ Shield the checkweigher from radio frequency interfer-
ence 

 ▪ Protect lines from voltage peaks 

 ▪ Choose the construction that will wear well under the 
conditions of the production environment 

 ▪ Use a weighcell that is suitable for the environment 

 ▪ Provide all personnel who come into contact with 
checkweighers with system-based training, this in-
cludes operators, mechanics, maintenance crews and 
manufacturing engineers

 ▪ Conduct routine and preventative maintenance, define 
a service and maintenance plan

 ▪ Clean the checkweigher in accordance with the in-
structions provided by the supplier

5.6 Satisfying Retailer and Food Industry 
Requirements

Simple control devices can be included in the checkweigh-
ing system design that will ensure a reject device is operat-
ing properly, that under or overweight packs are accurately 
rejected and the checkweighing system is operating in a 
failsafe mode. Implementation of the following design 
requirements generally represents good practice and will 
probably satisfy most brand retailer and food industry re-
quirements: 

 ▪ An automatic reject system to effectively remove prod-
uct from the production line 

 ▪ A lockable reject bin which is located to receive rejected 
product, to which only authorized, trained personnel 
will have access. If product is rejected into an open 
container or is readily accessible, it can easily be re-
turned to production in error. Rejection into lockable 
reject bins helps overcome the problem

 ▪ A warning device should be incorporated to indicate 
when the bin is full of product

 ▪ A full enclosure between the weighing section and re-
jection bin

 ▪ An audible and visual indication of system status e.g. 
product has been rejected

 ▪ A photocell to detect each package passing through 
the system (to facilitate the correct timing of the reject 
mechanism)

 ▪ An automatic belt stop failsafe system in response to the 
following events:

-  Reject bin full
-  Loss in air pressure
-  Reject confirmation system fault
-  Checkweigher fault

The who, where and how for a system re-start can be con-
figured during setup and should include a complete set of 
permissions based on user and access profiles. It may be 
necessary to define different startup procedures for each of 
the automatic belt stop events as detailed above depending 
on the quality control procedures in place. 

It is recommended to inform the checkweighing supplier 
of the standard operation procedures for belt stop events 
when ordering a checkweigher, so this can be taken into 
account during the design and setup phases.

Suitable arrangements and procedures should be in place 
to ensure that any products on the timing, spacing, infeed 
and weighing conveyors during the period of time when 
the system is stopped, are weighed correctly.
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Chapter 6
Reasons for a Checkweighing Program

Checkweighers are often only associated with compliance 
to regulations but they also increase productivity through 
reduction of waste, tightening of tolerances and helping 
to produce more consistent products. Different approaches 
for purchasing a checkweigher and the reasons for imple-
menting are discussed in more detail within this chapter.

6.1 Avoid Costly Fines and Tarnished Brand 
with 100% Weight Inspection

One of the main reasons for a checkweighing program is 
to ensure compliance with government regulations and 
industry standards through in-line checkweighing of all 
packages. 100% weight inspection should be an integral 

part of a coordinated quality and process control program 
helping to deliver the process requirements needed in to-
day’s demanding market. 

6.2 Making Better Use of Limited Resources

An accurate checkweigher will drive tighter production 
tolerances, yielding less waste, enabling more final prod-
ucts to be produced with the same amount of inventory. 
Raw materials can be very expensive and a checkweigher 
should be an integral part of an overall program to make 
the most of existing resources. Figure 6.1 shows a simple 
calculation to underline the savings which can be made by 
reducing overfill by 1 gram.

The purchase of a checkweighing system can represent a significant capital investment for 
many companies. It is therefore important that the equipment is reliable, suitable for the 
application and is used in the most effective way. This will ensure that there is a good return 
on investment by minimizing costs and maximizing product quality.

Package and Production Information Savings Yielded (By a 1 Gram Overfill Reduction)

Labeled Package Weight = 450 grams
Material Cost = 0.1 cent per gram
Line Rate = 200ppm
Line Utilization = 65%
Shift = 8 hours
Shifts per Day = 2
Production Days per Year = 230

0.1 cent Savings per Package

20 cent Savings per Minute

$12 Savings per Hour

$124 Savings per Day

$28,704 Savings per Year

The reduction of 1 gram overfill as shown in this example would free enough raw materials  
to produce an additional 60,000 products

Figure 6.1:  Example Showing the Impact of Reducing Overfill by 1 Gram
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6.3 Keep Fillers in Tune with Active  
Checkweigher Feedback

Feedback to filler is one of the strongest reasons to invest 
in a checkweigher. It enables active monitoring of filler 
performance and minimizes unwanted over and underfills 
by keeping filler heads and processes properly adjusted. 
Checkweighers can communicate directly with the filler 
control or network to existing factory floor automation sys-
tems for complete and seamless feedback control. 

6.4 Protection of the Customer and Consumer

Manufacturers have an obligation to their customers and 
the end consumer to minimize the risk of products which 
are underfilled or have missing parts from being shipped 
and to ensure a consistent product quality. Failure to 
achieve this can create potential animosity between the 
retailer or customer and the manufacturer and can result 
in the potential breakdown of the customer relationship 
and the loss of future business opportunities.

6.5 Fewer False Rejects, Less Rework and 
Reduced Scrap

Processes that incorporate an accurate and well main-
tained checkweigher also find fewer products in their 
reject bins. Tighter tolerances lead to improved overall 
process quality, thereby reducing the amount of produc-
tion scrap and products requiring rework. False rejects are 
also minimized, because checkweigher accuracies become 
more precise as zone settings become more refined.

6.6 Labor Saving Operation

Use of static scales to spot-check products is common to 
many operations; use of in-line checkweighing eliminates 
potential sampling errors and labor costs inherent to these 
types of operations.

6.7 Protection of Brand and Reputation

Powerful product branding gives customers a strong assur-
ance of safety and quality. Branding is frequently respon-
sible for driving consumer repeat purchases and, as such, 
is an important tool in maximizing sales and justifying 
premium product pricing for manufacturers and retailers. 

For this reason, an organization’s responsibility is not only 
related to protection of the end consumer but also to the 

brand and ongoing reputation of the company. Product 
brands are important assets to be managed carefully and 
need to be protected from any form of adverse publicity. 
Underweight product in the hands of consumers can have 
a serious negative impact on any organization resulting in 
damage to the brand and potentially costly recalls. 

In the event of a company being investigated as a result of 
a customer complaint, documentation will provide invalu-
able evidence of the correct operation of the checkweigh-
ing program.

6.8 Increased Overall Equipment  
Effectiveness 

Overall Equipment Effectiveness (OEE) is enhanced 
through improvement of one or all three metrics “avail-
ability, performance, and quality”. 100% monitoring of 
the items produced provides valuable indications of pro-
cess variations which lead to unexpected downtime events 
(availability) and reduced line capacity (performance) 
caused by out of tune upstream devices. Tighter produc-
tion tolerances delivered through the use of checkweigh-
ing reduces overfills and underfills, resulting in a higher 
yield of “Good” products (quality) from the production 
process.

6.9 Integrated Metrics Drives Process Im-
provements and Efficiencies

Checkweighers provide real-time monitoring of production 
processes, including yield statistics and SPC trending all of 
which can be used for process improvements and operat-
ing efficiencies (Figure 6.2). 

Figure 6.2:  Real Time Monitoring of Production Processes
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Chapter 7
Building an Effective Program

7.1 Program Requirements

The adoption of a consistent checkweighing program 
needs to be a strategic decision for the organization, oth-
erwise, there is the danger that it will lose its importance 
and not be effectively maintained. The design and imple-
mentation of the program should be governed by the vary-
ing needs and objectives of the organization, the product 
range manufactured, the processes employed and the size 
and structure of the organization. The aim should be to 
consider all the different aspects of a checkweighing pro-
gram and use it to complement and improve the overall 
quality program.

7.2 Key Elements

It is important to have a good understanding of the princi-
ples of checkweighing, the key system and design features, 
statistical data analysis, process control and environmen-
tal factors which can affect the checkweigher’s capability 
(see Chapters 1-5). 

The following discussion now applies the basic principles 
of checkweighing operation to real life operational prac-
tices. The key elements for operational success that will be 
addressed in the next chapters are described in Figure 7.1.

Key Element Chapter

Operating Goals and Requirements

 ▪ Defining checkweighing goals and system 
specifications including a TCO calculation 
aid.

8

Metrological Regulations and Guidelines

 ▪ Understanding the regulations and guide-
lines governing production and use of 
checkweighing systems

9

Installation and Performance Verification

 ▪ Installation and commissioning proce-
dures, operator training and performance 
verification

10

Setting Limits

 ▪ Understanding zone limits and how to set 
them to ensure compliance 11

Increasing Efficiency

 ▪ Using software features and options to give 
you more control over your production pro-
cesses

12

Sustaining Performance With OEE

 ▪ Understanding OEE and the factors which 
can influence production line performance 13

Figure 7.1:  Key Elements to Checkweighing Program Success

Having decided to implement or improve upon an existing checkweighing program, it is 
important to ensure that the steps are well defined and that they are initiated as efficiently 
and effectively as possible. This and the following chapters provide guidance and useful 
practical information on how to build an effective program.
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7.3 Documenting the Program

A checkweighing program should be documented as a set 
of controlled policies and procedures. The scope and detail 
of the procedures should be commensurate with the size, 
complexity and lines of communication within the orga-
nization. For a small organization, it may be feasible to es-
tablish all the necessary controls in one single operational 
procedure. In a larger organization, it may be necessary 
to integrate the requirements into the existing product in-
spection, compliance or quality management system.

The most effective checkweighing programs are estab-
lished, documented, operated and maintained within the 
framework of a structured product inspection program 
and quality management system which is supported by 
the overall management activities of the organization. 
Documented Standard Operating Procedures (SOPs) relat-
ing to the checkweighing program are an important part 
of delivering a consistently high quality product to the 
consumer. In addition SOPs provide the basis for uniform 
training for various individuals and departments which 
will interact with the checkweigher and the overall check-
weighing program.

Relevant and meaningful documentation is very impor-
tant. In the event that a company is being investigated as 
a result of a customer complaint, documentation will pro-
vide the necessary evidence of the history of the production 
processes.

7.3.1 Checkweighing Policy

Within the product inspection system, a checkweighing 
policy should be developed and endorsed by the manage-
ment stakeholders. When defining the policy, it should be:

 ▪ Appropriate to the role of the organization with regard 
to its position in the supply chain

 ▪ Supportive of any applicable regulatory, retailer, cus-
tomer or corporate compliance, food safety, cost con-
tainment, OEE and quality requirements

 ▪ Communicated, implemented and maintained at all 
levels within the organization

 ▪ Reviewed for continued suitability

 ▪ Supported by measurable objectives

 ▪ Prescribing “what to do” in the event of product rejec-
tion and system faults

7.3.2 Responsibilities & Authority

Management should ensure that responsibilities and au-
thorities are clearly defined and communicated within 
the organization to ensure the effective operation and 
maintenance of its checkweighing program. All company 
personnel should have the possibility to report potentially 
hazardous situations and problems associated with the ef-
fective operation of the checkweighing program, with a 
clear definition of reporting and documentation of correc-
tive actions and process non-conformance.

7.3.3 Documented Procedures

In order for the program to be effective, procedures 
should be: 

 ▪ Appropriate to the organizational needs of the facility, 
compliance and quality

 ▪ Appropriate to the size and type of the operation and the 
nature of the products being manufactured or handled

 ▪ Implemented across the entire production system, 
either as programs applicable in general or as programs 
applicable to a particular product or operational line

 ▪ Approved by those responsible within the organization 
including operations and quality control

7.3.4 Records

Records should be established and maintained to provide 
evidence of conformity to requirements and of the effective 
operation of the checkweighing program. These should be 
integrated within the existing overall quality program of 
the facility to ensure continuity and program sustainabil-
ity. Records should remain legible, readily identifiable and 
retrievable, regardless of whether they are in hardcopy or 
electronic format. A documented procedure should define 
the controls needed for the identification, storage, protec-
tion, retrieval, retention time and disposal of records.

7.4 Competence, Awareness and Training

Personnel carrying out activities having an impact upon 
the effectiveness of the checkweighing program should 
have appropriate education, training, skills and experi-
ence. They should be aware of the relevance and impor-
tance of their activities and how they contribute to the 
achievement of the checkweighing and overall product in-
spection program. Appropriate records of education, train-
ing, skills and experience should be maintained.
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Chapter 8
Operating Goals and Requirements

8.1 Defining Checkweigher Goals

Before starting with the implementation of a checkweigh-
ing program the operating goals should be clearly defined. 
Review the introduction in this book and write down your 
goals. Define steps which should be taken; for example, 
what will be done with the items which are rejected from 
your production line?

 ▪ Will they be discarded?

 ▪ Will they be manually inspected?

 ▪ Will they be saved?

 ▪ Will the rejected items be kept for another purpose?

 ▪ Will they be reworked and inserted back in the line?

In this example the type and characteristics of the prod-
ucts produced and their disposition when rejected will 
determine the reject mechanism and collection method 
required.

8.2 Specification Sheets

Pages 43 and 44 contain a basic outline of information 
which is generally required to create a basic checkweigher 
specification. Completion and discussion of these pages 
will ensure a minimum level of detail and understanding 
of the application when speaking with checkweigher sup-
pliers, line integrators, and other project team members:

 ▪ Page 43: Checkweigher System Specification (1)   
describes the system environment and requirements

 ▪ Page 44: Checkweigher System Specification (2)
gives a complete overview of all necessary information 
to implement and integrate a checkweigher into your 
production line

8.3 Total Cost of Ownership (TCO)

Whatever the reasons for a checkweigher investment, it is 
critical to build a solid case before making a capital invest-
ment. Management and decision makers prefer to see hard 
evidence in showing the new equipment’s Total Cost of 
Ownership. A TCO calculation guards against unpleasant 
surprises as the results of such an investigation can show 
that the operating costs over a period of time are in some 
cases much higher than the initial investment costs. To-
tal Cost of Ownership calculations are fundamental when 
making decisions on adding new equipment, the type of 
technologies which should be used, or determining when 
to replace an aging system. It is essential when purchas-
ing a checkweighing system to expand the scope of cost 
considerations beyond the initial investment and normal 
operating costs. The TCO model must be extended to take 
into account the direct and indirect costs and savings as-
sociated with the machine and the process which result 
from the investment. Only when all of these factors are 
considered can an accurate view of the TCO and resulting 
payback calculation be accurately established. 

Before contacting a checkweigher supplier define exact program goals and requirements, 
Total Cost of Ownership (TCO) and Return On Investment (ROI) expectations. This chapter 
describes important information which is essential when defining operational requirements 
including detailed checkweigher system specifications for the installation and principles for 
calculating the TCO and ROI.
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8.3.1 Defining Costs

The way to gather all information and consider costs and 
savings is not difficult but must be specially tailored to 
checkweighing equipment (Figure 8.1) and the process 
where it will be applied. The first year of ownership is the 
most expensive because it includes expenditures such as 
the cost of equipment, installation, training, spare part 
kits, production line integration which may include the 
use of outside consultants and sometimes the disposal of 
old equipment. After the first year of ownership, operating 
costs, maintenance costs including replacement of wear 
parts, unscheduled downtime and extended warranties all 
add ongoing cost. If the application requires Weights and 
Measures approval, the costs for conformity assessment 
procedures and periodic official inspection and calibration 
must also be included. The evaluation of these costs is the 
basis for all future economic calculations such as TCO and 
overall line profitability.

8.3.2 Defining Savings

The savings that can be made when implementing a check-
weighing system are strongly dependent on whether you 
are replacing an existing checkweigher with a newer more 
accurate or reliable model or replacing a static weighing 
process with a dynamic checkweighing solution. Typically, 
the majority of the savings are made in scrap and rework 
reduction, reduction of product giveaway and elimina-
tion of product returns caused by underfilling or missing 
parts. In some processes a reduction in product giveaway 
can also have a positive result by producing more saleable 
product with the same amount of raw material inventory. 
If this is true then it should also be factored into the TCO 
model. For each of these categories calculate the estimated 
savings by examining how often these events occur and 
assign a cost to each one. Very important savings, which 
may be hard to quantify, are made through better brand 
protection. A recall can seriously damage the company’s 

Figure 8.1: Overview of Costs and Savings

Overview of the Costs and Savings When Implementing a Checkweighing Program

C
O
S
T
S

Initial Investment Costs Year 0 Year 1 Year 2 Year... n

Equipment purchase – – –

Installation/Start up – – –

Validation documents – – –

Weights and Measures costs (where applicable) – – –

Training on supplier or customer premises – – –

Initial spare part kits – – –

Maintenance contract – – –

Production line integration – – –

Disposal of old equipment – – –

Total – – –

Following Years (usually up to 5 years) Year 0 Year 1 Year 2 Year... n

Operation costs –

Maintenance costs –

Unscheduled downtime –

Extended warranty –

Periodic official calibration (where applicable) –

Software/Hardware updates –

Total –

S
A
V
I
N
G
S

Savings Year 0 Year 1 Year 2 Year... n

Scrap reduction –

Rework reduction –

Labor reduction –

Reduction of product giveaway –

Elimination of product returns –

Brand and customer relationship protection –

Total –
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Example: A line fills 200 cans per minute, three 7 hour shifts a day, 230 days with a line efficiency of 70%. The average 
overfill is 10g, at a cost of $0.0001 per gram. The overfill cost per year would be $40,572. Using a checkweigher with an 
accuracy of 2g at two standard deviations could result in an annual saving of $32,457.

 Package rate per minute (ppm): A  _________

 Line operating hours per day: B  _________

 Number of operating days per year: C  _________

 Line efficiency: OEE%  _________ (e.g. 70%)

 Average overfill per package in grams: D  _________

 Product cost per gram: E $  _________

In setting the overfill of a filler, we recommend that it should be set no lower than the accuracy of the checkweigher.

 Accuracy of the checkweigher in grams @ 2 sigma: F  _________

 Packages per year: G  _________ A x 60 x B x C x OEE

 Current overfill cost per year: H $  _________ G x E x D

 Overfill cost with a checkweigher: I $  _________ G x E x F

 Savings per year with a checkweigher: J $  _________ H - I

reputation and create a host of unexpected costs. With 
products recalls, there are factors which need to be consid-
ered, including fees, inspection and oversight costs, return 
delivery cost and legal filings and proceedings costs. 

There are many variables to incorporate into a proposal for 
TCO and evaluation of savings. Equipment, installation, 
and training costs should be readily available; the equip-
ment supplier should be able to provide guidance on ex-
penditures such as operation and maintenance costs and 
unscheduled downtime. Also consider that a checkweigher 
inspects 100% of all products, the earlier it is placed into 
the production process the more savings it will make. As an 
example – determination of underfilled products straight 
after the filler is much more effective than rejecting the 
complete carton just before shipping. 

8.4 Return On Investment Considerations

Defining all the costs in the TCO model and including the 
savings and economic benefits will be the basis for several 
decisions when investing in a checkweighing program. 
Calculating the payback of the investment can be done by 
comparing costs versus savings. Furthermore the payback 
period of such an investment can be calculated by count-
ing the number of years it takes before the cumulative sav-

ings equal the initial investment and reoccurring periodic 
costs. Also consider all the recommendations in this guide 
on reduction of the reject rates, tightening of tolerances 
and the other factors which leads to the acquisition of a 
checkweigher that meets your production goals. This will 
lead to an increase in savings and shorten the payback 
period.

8.5 Calculation on Reducing Product  
Giveaway

One of the most important savings can be achieved when 
connecting a checkweigher to a filler or other type of me-
tering device (e.g. a slicer or extruder) to reduce overfilling 
or unnecessary product giveaway thereby saving valuable 
raw material. Automatic feedback control from the check-
weigher combined with an accurate filler allows optimiza-
tion of savings and can be a significant driver to invest in 
a new checkweighing solution. The following example will 
help to calculate the possible savings which can be made 
when reducing product giveaway. The calculation aid is 
provided purely as a guide and represents the minimum 
information necessary for making a realistic cost saving 
calculation. This aid can be used for fillers and items 
count, as long as the weight per piece is known and is rela-
tively constant (for more details see Chapter 12). 

Notes: 
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Checkweigher System Specification (1)
Checkweigher goals:
	o Reduce Overfills o Eliminate Underfills o Counting o Feedback o Inspection 
 o Verification o Weights and Measures Approvals

Products(s):  How many different products? __________ 

# Description Length / Diameter Width Height Weight Throughput 
(pcs./minute)

1

2

3

4

5

6

Weight Changes:  o By Batch o Over Time o No Appreciable Change

Attributes:
 o Open  o Closed o Limp  o Frozen o Liquid o Unwrapped
 o Carton o Bag  o Can  o Bottle/Jar o Pouch  o Tray

Container: Tare Weight ____________ Tare Variance _______________ Stability ____________________
 Preferred Transfer Mechanisms ____________________________________________________

Accuracy:
 Product Weight Variance ______________________ Desired Accuracy ____________________
 Filler Control – Filler Variance _________________________________________________________
 Weight under/over by – Filler Variance ___________________________________________________
 Count under/over by – Individual Piece Weight _____________________________________________

Mechanical Interface:
 Upstream Equipment Type: ___________________________________________________________
 Throughput (PPM) ______________ Item Pitch ______________ Timing 
_________________ 
 Downstream Equipment Type: ________________________________________________________
 Throughput (PPM) ______________ Item Pitch ______________ Timing 
_________________ 

Location:
 o Ground Floor     ____ Floor o Pedestal

Environment:
 o Floor Vibration  o Strong Air Movements o Dusty Atmosphere o Extreme Temperature 
 o High Air Humidity o ATEX Environment  o Wet Environment

Electrical Interface:
 Power Input:   Volt: __________ Phase: __________  Hz: _________           Amp: __________
 o PLC    o Computer/Data Acquisition  o Printer o Line: Start/Stop, E-Stop
 o Variable Speed Drive o Filler Feedback

Inspection:
 o Metal Detection       o Flap Detection  o Cap Detection  o Safety Seal Detection 
 o Other ________________________________________________________________________

Sorting Device:
 o Pusher o Air Jet o Swing Gate    o Line Divider     o Drop-Down Conveyor
 o Lift Gate Conveyor   o Conveyor Stop 
Other:
 ________________________________________________________________________
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Checkweigher System Specification (2)

Pa
ck

ag
in

g
M

ac
hi

ne

What happens in case
of a packaging machine:
▪ Malfunction/ failure
▪ Emergency stop
▪ Start -up

Infeed System
(upstream of the checkweigher)

Environment Conditions
▪ Extreme temperatures
▪ Moisture
▪ Air movement
▪ Floor vibrations
▪ Spillage
▪ "ATEX"  zone

Product Spacing
▪ Regular infeed with a fixed distance between product centers of ........ mm
▪ End-to-end
▪ In groups of ...... end- to-end products with a gap of ......... mm 
▪ Irregular

Production Line Type
▪ Single product type production line
▪ Multiple product type production line

Conveyor Speed
▪ Constant ................. m/min
▪ Variable  ....... to ....... m/min

H
 =

 ..
...

...
. m

m
Ø

= 
...

...
 m

m

Cleaning Conditions
▪ Water splash (IP54)
▪ Water jets (IP65)
▪ High pressure (IP69k)
▪ Special detergents

Article Information
▪ Length in direction of feed, width, height
▪ Weight
▪ Throughput
▪ Material
▪ Kind of packaging
▪ Accuracy
▪ Particularities (e.g. sloshing liquids )

Belt Width = .......... mm

Permissible Overall Length = ......... mm
H

 =
 ..

...
...

. m
m

Ø
= 

...
...

 m
m Outfeed System

(downstream of the checkweigher)

▪ Full flat belt
▪ Round-section belts
▪ Chain conveyor
▪ Slat conveyor

Fi
lli

ng
 M

ac
hi

ne

Connection
to a HOST?

Belt Width = .......... mm

Conveyor Speed
▪ Constant ................. m/min
▪ Variable  ....... to ....... m/min

Feedback Control ?

Direction of Transport

▪ Full flat belt
▪ Round-section belts
▪ Chain conveyor
▪ Slat conveyor

What happens in case
of a filling machine:
▪ Malfunction/ failure
▪ Emergency stop
▪ Start -up

Notes: 
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Chapter 9
Metrological Regulations and Guidelines

Local government regulations are always important. While 
global standards are commonly referenced it is ultimately 
the specific country or even local city, state, or provincial 
government which will enforce the Weights and Measures 
laws. In most countries there are specific regulations for 
Weights and Measures, packaging requirements, net con-
tent and the maximum permitted variation value for a 
package being produced.  While these regulations may be 
similar in design they frequently have differences in their 
scope, specification, and implementation. Mutual recog-
nition or acceptance between countries may exist but are 
not guaranteed.  Therefore it’s very important to review 
regulatory requirements for the country where the product 
is being produced and where the product will be ultimately 
be sold. 

9.1 Weights and Measures in the United 
States

In the United States of America Weights and Measures is 
administered and enforced by state, county and even city 
governments.  The Weights and Measures Division of the 
National Institute of Standards and Technology (NIST), 
an agency of the U.S. Department of Commerce, promotes 
uniformity of Weights and Measures laws and regulations 
with the United States.  The National Conference on Weights 
and Measures (NCWM) is an organization comprised of 
State and local Weights and Measures officials plus non-
governmental representatives from business, consumer 
groups, and other Federal agencies and is charged with the 

development of uniform laws, regulations, and methods of 
practice for use within the United States.  Together these 
two organizations create, enforce, and maintain a number 
of documents, standards, and guidelines all designed to 
deliver uniform standards to the country as a whole.

Two publications which are of specific interest include:

NIST Handbook 44: Specifications, Tolerances, 
and Other Technical Requirements for Weighing 
and Measuring Devices 
This publication defines the tolerances, methods of op-
eration, and standards by which weighing and measuring 
devices should perform in order to be suitable for use in 
commercial applications.

NIST Handbook 133: Checking the Net Contents 
of Packaged Goods 
This publication defines the process by which the net con-
tents of packaged goods are checked and verified. It en-
sures a fair and level playing field between competitors and 
enables consumers to accurately compare offerings. 

Each of these Handbooks is maintained by the National 
Institute of Standards and Technology and has been ad-
opted by the National Conference on Weights and Measures 
as a uniform standard for Weights and Measures in the 
United States. The latest edition of both NIST Handbook 44 
and NIST Handbook 133 can be found on line at:
http://ts.nist.gov/WeightsAndMeasures/pubs.cfm 

Metrological regulations and guidelines in combination with your operating goals and re-
quirements govern the checkweigher setup, system design and choice of weighcell technol-
ogy. It is important to understand how these regulations and guidelines affect checkweigh-
ers and the resulting influence they will have on your checkweighing program.  
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9.1.1 NIST Handbook 133 

 

Figure 9.1: A Sampling Plan is Required to Comply With NIST Handbook 133 

In the United States NIST Handbook 133 is the specifica-
tion by which the net contents of all packaged goods must 
comply. It provides a detailed set of processes and require-
ments for the inspection, evaluation, and documentation 
of packaged goods. The handbook divides the types of 
packaged goods into three categories:

 ▪ Packages labeled by weight

 ▪ Packages labeled by volume

 ▪ Packages labeled by count, linear measure, area, thick-
ness, and combination of quantities. 

For each of these areas there are specific sampling plans 
for content and tare verification tests, Maximum Allowable 
Variation (MAV) values, and reporting requirements.  

9.1.2 NIST Handbook 44 Checkweighing or 
Random Weighing?

Section 2.24 of the NIST Handbook 44 defines Automatic 
Weighing Systems. In general there are two common types 
of dynamic in-motion weighing which appear similar but 
are different as they relate to U.S. Weights and Measures 
guidelines.

Checkweighers are traditionally used to provide producers 
with a method to ensure that for uniformly packaged goods 
100% of the packages sold to the consumer comply with the 
yield and Maximum Allowable Variation requirements as 
defined in NIST Handbook 133. This “policeman” function 
is the primary basis for deployment of many checkweigher 
systems. However, the actual legal measure of compliance 
to the NIST Handbook 133 regulations is based on a series 
of manual random sampling of packages from the produc-
tion line. Once the samples are taken they are weighed on 
a static scale such as a bench scale or laboratory balance 
with their contents and package tare weighed, recorded, 
and compared to allowable values.  

Random weighing is a process by which packages of dif-
ferent shapes, sizes, and weights are weighed in motion. 
There is not a predetermined “target weight” for the pack-
age nor are the characteristics of the package known prior 
to its being weighed. Common examples of these types of 
dynamic in-motion weighing systems include:

 ▪ Weigh price labelers such as those used in supermar-
kets for meat, dairy, and produce.

 ▪ Weigh labelers commonly used in the parcel shipping, 
transport, and logistics industries.

For random weighing applications such as those noted 
above the value of the package is being determined and 
“money is earned” through the use of the scale. Com-
monly referred to as “Legal-For-Trade” devices these types 
of dynamic in-motion scales typically require testing and 
certification by local Weights and Measures authorities or 
an agency authorized by the Weights and Measures au-
thority to perform the test prior to being placed into service 
with periodic retesting required as prescribed by the local 
authority. 

It is very important to review regulatory requirements for 
any random weighing or checkweighing application with 
the local Weights and Measures authorities to ensure a 
clear understanding of any equipment certifications and 
testing are required along with the types of sampling and 
audit programs that must be implemented. 

9.1.3 The National Type Evaluation Program 
(NTEP)

In the United States most Weights and Measures jurisdic-
tions require that a standard weighing device which will 
be used in a “Legal-For-Trade” application, such as a ran-
dom weighing system described above, have a Certificate 
of Conformance issued by the National Type Evaluation 
Program or NTEP. Part of the National Council on Weights 
and Measures (NCWM) the NTEP is a third-party organi-
zation that verifies compliance to standards for weighing 
and measurement equipment. The NTEP physically evalu-
ates the performance of the device against the appropriate 
standards. Upon successful completion of the evaluation 
program a NTEP Certificate of Conformance is issued 
which describes the scope of the certification and the test 
conditions by which the device was evaluated. 

9.2 Weights and Measures in the Americas

Weights and Measures regulations vary from country to 
country. While efforts to harmonize standards on a global 
basis continue it is far from being a reality. It is therefore 
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critical that the local Weights and Measures officials be 
consulted prior to embarking on a checkweigher program. 

The Sistema Interamericano De Metrologia (also know as 
SIM or the Inter-American Metrology System) was created 
to promote Inter-American cooperation in metrology, and 
also works for the implementation of a global measure-
ment system within the Americas. It is a good reference 
source for locating the Weights and Measures agencies for 
each of the 34 member nations which comprise the Orga-
nization of American States (OAS). For more information 
on the Inter-American Metrology System (SIM) or to find 
the contact information for Weights and Measures in a 
specific country visit the SIM website at:

http://www.sim-metrologia.org.br 

9.3 European Weights and Measures Guide-
lines

In Europe the Measuring Instruments Directive (MID) 
has a significant impact on checkweigher purchasing de-
cisions. However it is always advisable to contact the ap-
propriate authority when it comes to questions regarding 
Weights and Measures regulations, tolerances or packag-
ing requirements.

The “Measuring Instruments Directive” was announced 
by the DIRECTIVE 2004/22/EC OF THE EUROPEAN PAR-
LIAMENT AND OF THE COUNCIL and came into effect on 
30th October 2006. It is valid for all EU member and EFTA 
(European Free Trade Association) countries as well as 
Liechtenstein, Iceland, Norway and Switzerland. 

This European Directive describes in detail the processes 
and responsibilities for 10 types of measuring instruments, 
including checkweighers, during their production and 
commissioning. 

Prior to the MID, the national official calibration au-
thorities were responsible for determining and confirming 
whether checkweighers complied with national error
limits for initial official calibration. Under the MID it is 
now the supplier who is responsible for determining and 
confirming that the checkweigher complies with these er-
ror limits under production conditions (conformity assess-
ment). Once the conformity assessment has been success-
fully completed, the CE declaration can be provided. MID 
can be regarded as the visible tip of a European iceberg 
based on the OIML guidelines (Figure 9.2).

The OIML (Organization Internationale Metrologic Lega-
le) is a treaty organization of over 50 member countries. 

The organization’s charter is to promote the global har-
monization of legal metrology processes, standards, and 
procedures. Two specific sections of the OIML specification 
which pertain to checkweighers are:

OIML R51, R76

National Laws

MID

OIML
International Organisation of Legal Metrology

Figure 9.2: The Guideline Pyramid

 ▪ OIML R51: Automatic Catchweighing Instruments

 ▪ OIML R76: Non-Automatic Weighing Instruments 

Checkweighers as a device are covered under the R51 spec-
ifications while the operation of the checkweighing instru-
ment is covered under R76. These guidelines, in combina-
tion with local regulations and laws, continue to regulate 
error and tolerance levels. In Europe the MID augments 
this process and does not change tolerances or testing 
standards and thereby does not create a disadvantage for 
the end customer. 

The MID regulates all production processes which are 
metrologically significant from development all the way 
through to market introduction, including placing sys-
tems into use. The Directive regulates the exact production 
and performance requirements which need to be fulfilled 
by the checkweigher supplier. It further defines how the 
checkweigher must be marked or labeled and all proce-
dures and documentation requirements needed to issue a 
conformity declaration certificate.

One important point to bear in mind when comparing pre-
vious official calibration standards with the MID is that 
only the procedures have changed, not the aims or end 
results. In simple terms, all checkweighers where “money 
is earned” based on the weighing results, need to be as-
sessed in accordance with the MID. Each country has its 
own laws and regulations governing packaging and fill-
ing. Checkweighers which only carry out a completeness 
check do not have to be assessed, as they are only used for 
counting and not for the weighing of individual products. 
Checkweighers used in the electronics industry and in the 
mail order businesses do not have to be assessed. 
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The post commissioning official calibration inspection 
from the local government authorities is not affected by 
MID and they will still take place. The MID process only 
replaces the initial official calibration of the device.

The MID does not regulate what happens after a check-
weigher has been put into use. Once the MID process has 
been fully completed, all weighing results are governed by 
the normal operational tolerances. It is the responsibility 
of the checkweigher owner to regularly check the accuracy 
of the device by testing random samples in accordance to 
local Weights and Measures standards. If the checkweigher 
ceases to conform to standard operational tolerances then 
it needs to be repaired, serviced or taken out of use. This 
process is already in use in most countries and is not as-
sociated with the MID. 

9.3.1 MID Associated Terms

Official Calibration
An official calibration is carried out by the local govern-
ment authority. This authority tests whether the check-
weigher adheres to local regulations and whether its mea-
surements are within predefined tolerances. Quite simply it 
is a check to see whether a checkweigher actually displays 
and records the correct weight. This is then certified, docu-
mented and made clearly visible on the instrument.

Conformity Assessment Procedure
The initial official calibration has been replaced with the 
final conformity assessment procedure. This describes in 
detail the procedures, steps, processes and services needed 
up to and including the commissioning of the checkweigher.

9.3.2 Is MID the Same as Initial Official Calibra-
tion?

The term “initial official calibration” has been replaced 
with “conformity assessment”. This specifies and deter-
mines that the checkweigher conforms to the MID, the 
OIML guidelines and its error tolerances, as well as hold-
ing an EU type examination certificate. 

9.3.3 What Impact Does MID Have on Periodic 
Official Calibration?

None at all. Periodic official calibration is carried out by 
the local official calibration authority. The MID has no in-
fluence on this process. Checkweigher owners are responsi-
ble for contacting their local official calibration authority 
when a periodic official calibration is due. For the majority 
of checkweighers, this periodic official calibration must be 
performed every one to two years. Each country has its own 

regulations; in the EU the checkweigher manufacturer is 
not allowed to perform this test.

9.4 On-Site Preparation and Other Consid-
erations

Checkweigher owners also have to prepare for the initial 
start-up and periodic performance verification tests. What 
are important considerations that can help this process? 

 ▪ For Checkweighers that require a static test as well as 
a dynamic test the production line must be stopped to 
conduct the static test. Make provisions for this when 
setting the dates for the initial and any follow-up test. 

 ▪ An original sample of each product to be weighed as a 
part of the test must be made available. It is very helpful 
if a table with all these products can be made avail-
able and placed adjacent to the checkweigher being as-
sessed. In addition to the physical samples a tabulated 
printout including the exact name, weight, throughput 
rate and maximum line speed for each product must 
be provided.

 ▪ For dynamic testing at very high speeds it is sometimes 
necessary for products to be placed on the line using 
the upstream equipment, which may prove difficult 
to accomplish if not properly organized prior to the 
commencement of the testing process. The exact test-
ing requirements must be discussed with any potential 
checkweigher supplier in advance. 

It is also important to consider that while Weights and 
Measures guidelines are concerned with the conformity of 
the device to the jurisdiction’s standard it typically does 
not regulate or recommend: 

 ▪ How long the device may be used

 ▪ How the device needs to be treated after a predefined 
length of use so that it may be used further

 ▪ How the device needs to be treated if the weighing re-
sults are becoming inaccurate but are still within legal 
tolerance limits

 ▪ How the device needs to be tested to prolong its useful 
service life

For all these considerations a planned program of rou-
tine inspections, maintenance, and verification testing is 
required. Like Weights and Measures there may be other 
local rules, regulations and laws that are applicable in ad-
dition to working with other process stakeholders whether 
they are internal to the operation or external such as re-
tailers or consumer organizations. 
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Chapter 10
Installation and Performance Verification

10.1 Installation

The intended installation location and environment could 
have an adverse effect on the operational performance of a 
checkweighing system. Therefore, installation instructions 
should be consulted prior to, and during actual installa-
tion. This will ensure that the best possible performance 
is obtained from the system and the risk of environmental 
influences during operation is minimized.

Instructions provided by the system supplier will contain 
more information than this guide can provide. However, 
there are general principles that can be applied to most 
checkweighing systems. Gaining a basic understanding of 
these will help at the equipment selection stage.

Loading and Transport
When loading or transporting a checkweigher use lifting 
and transportation devices with a sufficient working load. 
In addition always read, understand, and follow all written 
instructions from the checkweigher supplier regarding un-
packing and movement of the checkweigher. Always secure 
the weighing section when transporting a checkweigher 
to a new location. Before moving a checkweigher always 
disconnect it completely from all external power sources, 
compressed air supply and data connection cables. Before 
restarting verify that all cables and supplies are securely 
connected. The checkweigher is a highly sensitive weigh-
ing device and any damage, often not visible, can influ-
ence the weighing results.

Equipment Access
The checkweigher should be accompanied by clear docu-
mentation and drawings that illustrate the principal elec-
trical and mechanical interfaces and access locations 
for maintenance and operation. Equipment should be 
positioned in such a way to give clear access to the user 
interface and control cabinet for ease of servicing and op-
eration. It should also be accessible from all sides for ease 
of inspection and cleaning. The installation should be ca-
pable of being easily cleaned and maintained without the 
need for dismantling during routine operations.

Weighcell Handling
The weighcell is a precision measuring instrument and 
must therefore be handled with the utmost care. Although 
it is protected against accidental overloads and environ-
mental conditions, damage from shock loading, excessive 
pressure or objects falling on the weighing section must be 
avoided. Sitting, stepping or placing tools on the weighing 
section must be absolutely avoided.
 
Vibration and Mechanical Shock
Checkweigher systems should not be installed in areas that 
are subjected to or near vibration and mechanical shock. 
Where this cannot be avoided every effort should be made 
to minimize such effects; this should include:

 ▪ Avoidance of contact points between conveyors

 ▪ Avoidance of contact points with the weighcell or weigh-
ing platform

 ▪ Ensuring smooth transfers within the checkweighing 
system and to and from adjoining customer equipment

Once a manufacturer has identified the need to purchase a checkweighing system, it is 
important that due consideration is given to ensuring the equipment is correctly installed, 
operating personnel are correctly trained and the performance verification is carried out in 
a professional manner.
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Electromagnetic Interference
Radiated electrical noise generated by surrounding electri-
cal installations may adversely affect the performance of 
a system to a point where inaccurate weighing results can 
occur leading to false rejects. This can prove financially 
costly and can lead to the loss of operator confidence in the 
system. Wherever possible, systems should not be installed 
in close proximity to any devices which may emit electro-
magnetic interference, e.g. radio transmitters. All frequen-
cy inverters and variable-speed drives in the proximity of 
the checkweigher should be installed in full accordance 
with the manufacturer’s instructions.

Hazardous Location Use
If the checkweigher is installed in a potentially explosive 
environment or atmosphere ensure that only system com-
ponents with a special, zone compliant “Ex”-protection 
have been used in the construction. Any electrical appli-
ances or connections which have not been specifically de-
signed for use in the specific hazardous location represent 
a considerable risk when used in potentially explosive en-
vironments.

Line Integration
Checkweighers are generally not a stand-alone device. 
Therefore line integration should be considered as part of 
the installation process. Areas of focus include:

 ▪ Start equipment in a sequence that enables downstream 
equipment to run first to prevent backup

 ▪ Stop upstream equipment first to allow the line to be 
cleared from packages

 ▪ Recognize machine status (ready to run, machine run-
ning, machine stopped, machine fault, etc.) to control 
the line

 ▪ Signals that can be used to start and stop the equip-
ment from a remote position

Installation Compliance
All aspects of the checkweigher installation should satisfy 
relevant legislation applicable to the country where the 
equipment is installed.

10.2 System Completeness Check

It is important to check that all specified system compo-
nents are complete immediately upon delivery of a check-
weighing system. The following list can be used as a guide 
for system completeness checking:

 ▪ Check that the delivered equipment matches the order 
and all components including options, accessories, 
consumables and spare parts are present

 ▪ Check that an operating manual in the language speci-
fied has been included and that the user interface is 
also capable of operating in the languages specified. 
This will increase operator acceptance and eliminate 
errors caused by language-related comprehension 
problems

 ▪ Check that mechanical and electrical system diagrams 
and UL, cUL, or EC declaration of conformity have been 
provided based on the country of destination

 ▪ Check that all relevant Weights and Measures docu-
mentation, where applicable, is provided

10.3 System Commissioning

Prior to operational use, the installed checkweighing sys-
tem should be commissioned to ensure that the installa-
tion complies with the manufacturers recommendations, 
the system operates as intended and all relevant personnel 
are trained in its safe and proper use. This section explains 
what needs to be taken into consideration during system 
commissioning especially when using a checkweighing 
system. This information will be in addition to your nor-
mal procedures when commissioning new production line 
equipment.

Conveyor Systems
Switch on the conveyors and check the following:

 ▪ The belt speed is according to the displayed value, con-
veyors are running smoothly, are centered and there 
are no points of contact to other conveyers

 ▪ The rejection unit functions correctly and is inhibited if 
the security device is activated

 ▪ All light barriers function correctly

 ▪ There are no vibrations on the weighcell

Accuracy
It is vital during commissioning to ensure that the check-
weigher fulfills the specified accuracy requirements. 
Weighcell accuracy, linearity, repeatability and re-zeroing 
should always be included in this process and should be 
carried out by your supplier prior to delivery and also on-
site in your production environment. Refer to pages 54 and 
55 for example operation check forms for static and dy-
namic weighing accuracy.

10.4 System Calibration and Testing

In the United States most checkweighers will be placed 
into service and performance verification tests by a Ser-
vice Technician from the checkweigher manufacturer or 
by quality, engineering, or plant maintenance personnel. 
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It is highly recommended that no matter who conducts the 
test that it is done in accordance with the local Weights 
and Measures standards enforce, in the United States NIST 
Handbook 44 guidelines for Checkweighers found in Sec-
tion 2.24.N.3 would be used. 

10.4.1 NIST Handbook 44 Guidelines

Most checkweighers are designed to weigh both in a static 
mode with the conveyors stopped and dynamically with the 
conveyors running. Each mode of operation requires a dif-
ferent set of tests to determine if the system is operating 
properly.

Class III Tolerances
Automatic Weighing Systems including checkweighers are 
generally classified as a Class III weighing device. Table 
T.3 from Section 2.24 of NIST Handbook 44 details the 
maximum allowable error permitted in scale divisions for 
Class III devices.  Class III Tolerances are grouped into 
Acceptance and Maintenance Tolerances.  

 ▪ Acceptance Tolerances are traditionally used when the 
device is initially evaluated by the National Type Evalu-
ation Program (NTEP) in a laboratory environment or 
are used by manufacturers during final equipment test-
ing at their factory prior to shipment to the user. The 
only time Acceptance Tolerance values are used once 
the device is installed is for the preparation of “Test 
Pucks” as a method of performance testing.

 ▪ Maintenance Tolerances are twice the value of Accep-
tance Tolerances and are the values used once the de-
vice has been installed at the user’s facility. These toler-
ance values are used during initial installation and for 
periodic performance verification tests. 

NIST H44 Class III Tolerances In Divisions

Test Load In 

Divisions

Tolerance Allowed In Divisions

Acceptance 

Tolerances

Maintenance 

Tolerances

0 – 500 Divisions ±0.5 Divisions ±1 Divisions

501–2000 Divisions ±1.0 Divisions ±2 Divisions

200– 4000 Divisions ±1.5 Divisions ±3 Divisions

4001–10000 Divisions ±2.5 Divisions ±5 Divisions

Figure 10.1: Figure 10.1 Class III Tolerances Table T.3 from Section 2.24 of 
NIST Handbook 44

1/10th Rule
NIST Handbook 44 allows checkweighers to be configured 
so that their displayed division or increment size can be up 
to 1/10th the actual accuracy value. 

For example a checkweigher may have a capacity of 5000 
grams and accuracy as a static weighing device measured 
by 1 gram increments, otherwise stated as 5000 gram by 
1 gram.  Using the 1/10th rule the checkweigher can be 
configured to display 5000g by 0.1g increments or 1 gram 
divided by 10.  This is important to remember when per-
forming tests as the Class III tolerances specified in Table 
T.3 from Section 2.24 of NIST Handbook 44 would be mul-
tiplied by 10 if the checkweigher is configured using the 
1/10th rule.  

Your checkweigher supplier will be able to provide you with 
the details relating to the exact configuration of check-
weigher capacity and increment size as it relates to Class 
III tolerances and the 1/10th rule.

Preparation of Test Samples 
Static tests should be performed using certified test weights. 
Your checkweigher service provider will have these weights 
when they conduct periodic performance verification tests. 
If tests are performed by facility quality or maintenance 
personnel the weights can be ordered from your check-
weigher supplier. For dynamic tests where two or more test 
loads are employed, the use of “test pucks” or “test pack-
ages” can be used. These must conform to a minimum 
standard of consistency and accuracy. The accuracy of the 
test puck or test package is defined in Section 2-24, sub-
section N.1.2 which requires:

 ▪ If “Test Packages” are used and a separate static refer-
ence scale is used to determine the weight of the “Test 
Package” the error or inaccuracy of the static scale can 
be no greater than one-fifth (1/5) of the smallest toler-
ance that can be applied to the device under test.

 ▪ If “Test Pucks” are used the error of the test puck must 
not exceed one-fourth (¼) of the “Acceptance Toler-
ance” for the device as defined by NIST Handbook 44 
Section 2.24 Table T.3. 

Your checkweigher supplier can assist in specification of a 
static scale that would be suitable to meet the needs if Test 
Samples are used and can supply the Test Pucks required 
if that form of testing in desired. 

Documenting the Results 
All tests should be fully documented with results compared 
to prior test results to identify any significant performance 
variations that may have occurred over time. In addition 
creation of Standard Operating Procedures (SOP’s) relat-
ing to the exact step-by-step process by which the tests 
should be conducted are important, they ensure that the 
method of testing is repeatable which is critical for com-
paring results.  
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10.4.2 Static Tests

Static Tests to be Performed
Static weighing tests that should be conducted include:

 ▪ Shift Test. A simple test which requires the operator 
to place a known weight that is greater than or equal 
to 50% of the scale’s capacity on each quadrant of the 
weigh conveyor. As the load is placed on to the scale 
conveyor the reading is taken, then the weight is re-
moved and the value at zero is recorded. The weight is 
applied to the next quadrant and process is repeated 
until all four quadrants have been tested at the weight 
value followed by a return to zero reading. 

 ▪ Increasing and Decreasing Load Test. This requires the 
use of at least three known weights which will be placed 
on the scale one after another until the capacity of the 
scale is reached. After each weight is placed on the 
scale the reading is recorded, once the last weight is ap-
plied normally at the scale’s rated capacity the weights 
are removed in reverse order with the weight readings 
again recorded after each has been removed. 

10.4.3 Dynamic Tests

Once the static weighing tests have been completed suc-
cessfully the next stage of the process is to complete dy-
namic performance test per the guidelines established in 
NIST Handbook 44 Section 2.24.N.3

 ▪ Standard Deviation Test. This is a test in which a given 
package sample, test load, weight, or puck is run across 
the scale at its maximum rated speed. At least two dif-
ferent test loads are required with the test results not 
exceeding 1/9th of the Maximum Allowable Variation 
(MAV) for the specific package weight or 1/3rd of the 
MAV value at 3 Standard Deviations. The MAV value is 
specified in NIST Handbook 133. The number of times 
the package sample must be passed across the scale 
is specified in NIST Handbook 44 Section 2.24 Table 
N.3.2. Number of passes required include:

 
 Packages ≤ 10kg = 30 passes 
 Packages >10kg and ≤25kg = 16 passes 
 Packages >25kg = 10 passes

10.5 Training

Operators must be trained to a basic level (operation, 
care and maintenance). The minimum requirements be-
fore starting production should be product setup, product 
changeover and immediate action to be taken in the case 

of false product rejections or unplanned stops. It is advis-
able to also train operators so that they have an under-
standing of the basic principles of checkweighing.

10.6 Performance Verification

Any checkweighing system should be periodically verified 
in order to demonstrate due diligence and ensure that:

 ▪ It continues to operate in accordance with the specified 
accuracy standard

 ▪ It continues to reliably reject out of weight products

 ▪ All additional warning/signaling devices are effective 
(e.g. alarm conditions, reject confirmation)

 ▪ Installed failsafe systems are functioning correctly

It is recommended that performance verifications are car-
ried out by the checkweigher supplier service technicians 
as part of a regular service program. A service technician 
will always have the tools and equipment required to carry 
out this task and make adjustments where necessary. 
 
Pages 54 and 55 show an example of check forms for an 
accuracy test of static and dynamic weighing and can be 
used for periodically testing the checkweigher’s perfor-
mance.
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Example – Sample Accuracy and Performance Check Form

Static Shift Test

Test Sequence Display Value Tolerance Value¹ Pass or Fail

Zero Reading

Quadrant 1: Load

Zero Reading

Quadrant 2: Load

Zero Reading

Quadrant 3: Load

Zero Reading

Quadrant 4: Load

Zero Reading

Shift Test Result

Static Increasing and Decreasing Load Test

Test Sequence Test Weight 
Value

Display 
Value

Allowable 
Tolerance¹

Pass or Fail

Zero 

Load #1 = 500 Divisions

Load #2 = 2000 Divisions

Load #3 = 4000 Divisions²

Load #4 = Scale Capacity²

Load #3 = 4000 Divisions²

Load #2 = 2000 Divisions

Load #1 = 500 Divisions

Zero 

Increasing and Decreasing Load Test Result

Notes:

¹Per NIST Handbook 44 Tolerances for Class III Devices Section 2.24 Table T.3
²If the scale capacity is ≤ 4000 scale divisions then only 3 test loads are required for the test

11 33

22

44

Controller Position
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Standard Deviation Test

Test Sample 1 Type: □ Sample Package
□ Test Puck

Test Sample 1 Weight:

Test Sample 1 Speed:

Test Sample 1 MAV:

Test Sample 1 Results

1. 16.

2. 17.

3. 18.

4. 19.

5.. 20.

6. 21.

7. 22.

8. 23.

9. 24.

10. 25.

11. 26.

12. 27.

13. 28.

14. 29.

15. 30.

Standard Deviation:

1/9th MAV Value:

Test 1 Pass / Fail

Notes:

 

Test Sample 2 Type: □ Sample Package
□ Test Puck

Test Sample 2 Weight:

Test Sample 2 Speed:

Test Sample 2 MAV:

Test Sample 2 Results

1. 16.

2. 17.

3. 18.

4. 19.

5.. 20.

6. 21.

7. 22.

8. 23.

9. 24.

10. 25.

11. 26.

12. 27.

13. 28.

14. 29.

15. 30.

Standard Deviation:

1/9th MAV Value:

Test 2 Pass / Fail
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Chapter 11
Setting Limits

Zone limits, also known as classification limits, are the 
weight values set by the checkweigher, operator or pack-
ager which establish the cut-off point between consecu-
tive weight zones. Zone limits are a filter to allow only ac-
ceptable weight packages to continue through the flow of 
production. The exact setting of the zone limits depends 
on packaging regulations and your own objectives and 
control process. If the checkweigher accuracy is ±1 gram, 
then there is a chance for a package to be either accepted 
or rejected if its weight is within a gram of the zone limit. 
Therefore, the zone limits should be set at a point where 
there is no chance for an unacceptably underweight or 
overweight package to be accepted by the checkweigher.

A weight zone is the interval between the zone limits. Most 
checkweighers have 3 or 5 weight zones. Some check-
weighers refer to 2 or 4 zone limits, but this means the 
same. On a 3 zone (2 zone limits) checkweigher, the center 
zone between the upper and lower zone limits is the range 
of weights which are acceptable.

On a 5 zone (4 zone limits) checkweigher, the center zone 
is usually the accept zone and the weight zones on either 
side are “warning” weight zones to alert the operator if 
items are of a marginally acceptable weight. The two out-
side zones on a 3 or 5 zone checkweigher are for unaccept-
able weight items. Figure 11.1 describes a 5 zone check-
weigher.

130g120g110g100g 0g Max Load

Zone 1
OK-Under

Zone 4
Over

Zone 3
OK-Over

Zone 2
OK

Zone 0
Under

Target Weight 

Figure 11.1: Checkweigher Zone Limits

The accuracy of the checkweigher is critical at the weight 
zone limits. Consider an item weighing 110g which is 
passed over the checkweigher, as described in Figure 11.2. 
The graph shows the checkweigher’s normal distribution 
curve for a 110g item and that 95% of the time a 110g item 
will be classified by the checkweigher between 109.8g and 
110.2g.

110.0g

109.8g

109.7g 110.3g

110.2g

110.1g109.9g

-3σ          -2σ          -1σ           0            +1σ        +2σ          +3σ

Figure 11.2: Normal Distribution

Once the checkweigher has been installed, commissioned and its functionality has been 
verified it can now be put into to use on the production line. For each type of product being 
weighed there will need to be upper and lower zone limits. This chapter explains in detail 
zone limits and their role as an essential part of any checkweighing program.11
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99.7% of the time, the items will measured between 109.7g 
and 110.3g. The indecision or accuracy is that at 110.0g, 
it is as likely that the item will be classified in Zone 1 as 
in Zone 2.

The checkweigher measurements will vary a small amount 
with the repeated measurement of a single weight. The 
checkweigher variance is independent of the variation of 
the actual weight, from one item to the next. For example, 
in Figure 11.2, the checkweigher variance is depicted as a 
frequency histogram of measurements of a 110 gram item. 
The actual weight may vary acceptably from 100 to 130 
grams, but the checkweigher measurements will vary only 
up to 0.6 grams for any given item.

11.1 How to Determine the Optimum Zone 
Limit Settings

Zone limits are set based on the acceptable weight varia-
tion of the items being weighed, and on the accuracy of the 
checkweigher. Setting zone limits depends on the objec-
tives which have been set for the checkweighing program 
and the variability of the upstream devices and packaging 
materials that are employed.

It’s important to understand that  the tighter the zone lim-
its, the more likely acceptable items will be classified in-
correctly. However tighter zone limits also drives improved 
metrics which leads to better process control that will ulti-
mately create products with reduced variability and more 
consistent quality.

The misunderstanding of the combination of tolerance 
levels, standard deviation, and accuracy may result in 
many producers setting limits artificially higher than nec-
essary “just to be on the safe side”, but there is absolutely 
no need to do this.

Note: Under normal circumstances, all modern check-
weighers are pre-programed with the allowable weight 
variance tables contained in the OIML guidelines and NIST 
Handbook. The respective table can be selected depending 
on the installation location. When entering the nominal 
weight of a product to be weighed the checkweigher will 
automatically calculate the legal zone limits and display 
them on screen for acceptance. This automatic calcula-
tion also takes into account the checkweigher accuracy. 
If the automatic setting is accepted then the calculated 
zone limits will allow the checkweigher to classify and sort 
correctly in compliance with these guidelines and regula-
tions.

There are cases where it is desirable to manually set the 
zone limits. A list of circumstances in which a manual set-
ting of zone limits may be necessary or desirable include:

 ▪ Local packaging regulations are not based on the OIML 
guidelines or NIST Handbook

 ▪ Requirements for weight variance which are stricter 
than the local laws and packaging guidelines

 ▪ Internal company guidelines which demand a more 
consistent quality

The next paragraphs cover what needs to be taken into 
account when manually setting zone limits and how they 
can be calculated.

11.1.1 Filling Applications

Determining zone limits can be achieved by first defin-
ing the target weight (Figure 11.3). Next select the goal for 
percent rejects based on production costs, and the check-
weigher zone limits. Calculate the target weight based on 
the filler variance and percent rejects.

Target Weight 

Product Weight
Variation

Figure 11.3: Determine Target Weight

What is the maximum acceptable variation above and 
below the target weight (Figure 11.4)? The answer to this 
question depends on national laws in the respective coun-
try. NIST Handbook 1334 identifies maximum allowable 
variation for items sold by net weight in US (“Checking 
the Net Contents of Packaged Goods”), FPVO5 (Fertigpack-
ungsverordnung) gives similar allowances for Germany. 
In Germany the regulations which govern the minimum 
allowable weight variation are based on the OIML guide-
lines and state that the weight of a product with a labeled 
weight of 100g is allowed to be up to 4.5g (T1 – in this case 
95.5g) underweight but must never fall below 9g (T2 – in 
this case 91g). In addition to this it is also allowable that a 
maximum of 2% of the total production may have a weight 
between 95.5g (T1) and 91g (T2). However, the mean or 
average weight of the total production is not allowed to fall 
below the labeled weight of 100g.

4  http://ts.nist.gov/WeightsAndMeasures/h1334-05.cfm
5  http://www.bundesrecht.juris.de/fertigpackv_1981/index.html
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Note: It is strongly advised that a copy of local pack-
aging regulations is available and referenced if manual 
zone limits are set to ensure compliance with regulatory 
standards. It is recommended to contact a local govern-
ment representative or a service technician for help or ad-
ditional details.

Target Weight 

Minimum 
Allowable

Maximum 
Allowable

Under OverGOOD

Figure 11.4: Determine Minimum and Maximum Allowable Weight

In Paragraph 3.2 “Checkweigher Accuracy” the check-
weigher zone of indecision was described wherein the 
measured weight can slightly vary from the actual weight. 
Because of this it is recommended to tighten the accept-
able weight zone limit by the accuracy of the checkweigher 
(i.e. by 2 or 3 standard deviations from the maximum and 
minimum weight variations). This will ensure that all 
products which have an actual weight equal to or within 2 
or 3 standard deviations from the zone limit are correctly 
classified. Adjust the zones limits accordingly as in Figure 
11.5. The reject zones are depicted as the shaded areas.

Target Weight 

Minimum Maximum 

Figure 11.5: Extend Maximum and Minimum Values by Checkweigher Accuracy

If the zone limits are tightened by two standard devia-
tions of the checkweigher accuracy from the maximum 
and minimum acceptable weights, then at least 95% of 
the accepted items will be classified correctly. A more con-
servative adjustment of three standard deviations of the 
checkweigher accuracy will ensure that 99.7% of the items 
are classified correctly.

Example: Reliably reject all products with an actual 
weight of 95.5g or less. The checkweigher accuracy is ± 
0.3g at ± 3σ (using this checkweigher accuracy a product 
with an actual weight of 95.5g could have a weighing re-
sult anywhere between 95.2g and 95.8g).

Referencing the table in Figure 11.6 the impact that ad-
justing zone limits by 2 or 3 standard deviations of the 
checkweigher accuracy is demonstrated on products where 
the actual weight is equal to or below the targeted reject 
weight.

Ac
tu

al
 w

ei
gh

t

Po
ss

ib
le

 w
ei

gh
in

g 
re

su
lt

Cl
as

si
fic

at
io

n 
w

ith
 th

e 

zo
ne

 li
m

it 
se

t a
t 9

5.
5g

Cl
as

si
fic

at
io

n 
w

ith
 th

e 
zo

ne
 

lim
it 

se
t a

t 9
5.

7g
 (+

2σ
)

Cl
as

si
fic

at
io

n 
w

ith
 th

e 
zo

ne
 

lim
it 

se
t a

t 9
5.

8g
 (+

3σ
)

95.5g 95.8g Not Rejected Not Rejected Rejected

95.5g 95.7g Not Rejected Rejected Rejected

95.5g 95.6g Not Rejected Rejected Rejected

95.5g 95.5g Rejected Rejected Rejected

95.4g 95.7g Not Rejected Rejected Rejected

95.4g 95.6g Not Rejected Rejected Rejected

95.4g 95.5g Rejected Rejected Rejected

95.3g 95.6g Not Rejected Rejected Rejected

95.3g 95.5g Rejected Rejected Rejected

Figure 11.6: Impact of Adjusting Zone Limits

This shows the relationship between zone limits and 
checkweigher accuracy and that a tightening of the zone 
limit by 3σ ensures that all products with an actual weight 
of 95.5g or less will be reliably rejected.

When filling products that are subject to net content regu-
lations, the target weight must be set at some point above 
the labeled weight of the package. The checkweigher will 
help balance how much product that will be given away 
by rejecting underweight packages, allowing for a lower 
target weight.

“The checkweigher is  
only as good as the  

  preceding processes”

However, the checkweigher may be only as good as the pre-
ceding processes. If there is little control over the variation 
in the tare weight of the container, the checkweigher fol-
lowing the filler will provide an accurate gross weight (not 
a fill weight). The fill weight can therefore be out of limits. 
A tare-gross system weighs empty and then full containers, 
and can be used to account for container weight variation.

The same is true for any application. The greater the 
weight variation of individual components, the more dif-
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ficult it will be to check the weight of an individual compo-
nent, regardless of the accuracy of the checkweigher.

11.1.2 Applications for Counting or Looking for 
Missing Pieces

If looking for a package count or for missing items, first 
consider the mean weight distribution of the lightest item. 
Compare the total (collective) mean weight distribution 
with the weight distribution, plus and minus the smallest 
or lightest item. You may not be as concerned if there are 
extra pieces as opposed to a missing piece. Set the zone 
limit at the points where you are comfortably certain the 
count is correct. Shown in Figure 11.7 is the lower zone 
limit in comparison with the weight distribution curves of 
the target package and a package missing an item. Figure 
11.8 shows what will happen if the individual piece weight 
is less than the total product weight variation. 

Minimum

Figure 11.7: Setting the Minimum Zone Limit

Target Weight 

Minimum

Figure 11.8: Item Weight is Less Than the Total Product Weight Variation

Narrow the zones by the accuracy of your checkweigher. As 
illustrated in Figure 11.7 and Figure 11.8, the lower the un-
controllable weight variation of items compared with the 
weight of each item, the more effectively a checkweigher 
will detect a missing item correctly. In Figure 11.8, the 
distribution is so great that the checkweigher will reject 
“good” items in order to reject the items which are missing 
pieces, regardless of checkweigher accuracy. In this case, 
a tare-gross system may help with high container weight 
variance. Otherwise, you may want to consider evaluating 
the production processes of the individual product compo-
nents or adding an X-ray machine to the checkweighing 
system to detect broken or missing items.
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Chapter 12
Increasing Efficiency

In the previous chapters we have discussed in detail how 
checkweighers function, where they are employed and how 
they are set up to ensure compliancy and protect end con-
sumers. This chapter covers additional processes which, 
when employed correctly, can increase the overall effi-
ciency of the production line. These additional processes 
are not essential for a very basic checkweighing program 
but should be considered for more demanding and com-
plicated application requirements. The chapter is divided 
into 5 main areas:

 ▪ Reporting

 ▪ Process control

 ▪ Combination systems

 ▪ Serviceability and maintenance

 ▪ Factory acceptance tests

12.1 Reporting

Consider the reporting needs of the product, process, and 
the other stakeholders within the organization. There 
may already be a sophisticated data acquisition program 
already within the facility. If so, you may only need a se-
rial or Ethernet TCP/IP port to send weights out to a re-
mote computer. This solution is probably the easiest way 
to generate reports customized to the needs of the facility. 
However in order for the checkweigher to be an integrated 
part of a production process providing valuable real-time 
feedback to up stream devices an interface to a Program-
mable Logic Controller (PLC) or Supervisory Control and 
Data Acquisition (SCADA) program may be required.

Further add-on software programs are often available, 
which are specifically designed to collect information 
from the checkweigher. These programs generate 
production analysis and documentation including 
graphical reports by batch, hour, shift, day, week or even 
year to fit standard operation procedures. This software 
enables production data to be centrally monitored and 
recorded for security, compliance, measuring quality 
and to ensure that processes are under control. It should 
also be compliant with the legal regulations of most 
countries including uniformity tests for pharmacopoeia. 
In general most software programs enable connection of 
multiple checkweighers to a single program which may 
reside on the facility network. Frequently a checkweigher 
installation will require all types of connections to drive 
real-time control optimization while also delivering the 
“as inspected” historical data. It is important that the 
checkweigher can perform both tasks automatically and 
simultaneously.

Some checkweighers have reporting and statistics capabili-
ties which can be viewed on-screen, stored on a USB stick 
or printed on internal and external printers. The printouts 
are a simple and inexpensive way to collect weight records 
and statistics. However, printouts do not have the dynamic 
capabilities of data stored in a computer. The controller 
can print out at regular time intervals, at certain times 
each day, after a given number of items are weighed, when 
the product setup is changed and upon request. Be aware 
that for most “Statistic” software provided by the check-
weigher supplier there will be different versions available 
depending on the country and requirements.

A modern checkweigher is capable of more than just weighing. Having set up the check-
weigher to ensure that it will reliably sort non-conforming products consider extending the 
program by using the software features and options available from the checkweigher sup-
plier to provide more control over production processes and to make the most of valuable 
resources by increasing productivity and reducing waste.
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Example:

 ▪ Germany – Fertigpackungsverordnung (FPVO)

 ▪ Brazil – regulations from “Instituto Nacional de Metro-
logia, Normalização e Qualidade Industrial”

 ▪ Australia – Consumer Affairs Victoria Regulations 
Trade Measurement Guide for packers, importers and 
sellers of pre-packed articles

12.2 Process Control

12.2.1 Fieldbus Networks

Fieldbus networks such as DeviceNet, ControlNet, Ethernet/
IP, Profibus DP and others have become increasingly stan-
dard in manufacturing and packaging industries. Some 
checkweigher suppliers have designed PLC interfaces to 
common PLC formats for seamless integration into pro-
duction lines. It is recommended to ask the checkweigher 
supplier what level of integration they provide for PLC sup-
port. An interface guide should be available which details 
the exact level of integration that can be achieved from 
the interface ranging from basic weight readings to sophis-
ticated upload and download data and commands which 
can truly provide a high degree of automation.

Once the checkweigher is integrated within a fieldbus net-
work, the checkweigher can be controlled through the PLC 
directly, a DCS (Distributed Control System), or Supervi-
sory Control And Data Acquisition (SCADA) system. SCADA 
systems are a major benefit of process integration control 
providing a single point of control for all the machines 
on the factory floor which may be controlled by a fieldbus 
network.

12.2.2 OPC

OPC (OLE for Process Control) is also becoming in-
creasingly important. OPC is an open connectivity stan-
dard. While the reasons and needs for connectivity vary, 
the automation industry wanted a standard for connect-
ing applications. OPC is a technology designed to bridge 
many Windows® based applications and process control 
hardware. It is an open standard that permits a consistent 
method of accessing field data from plant floor devices. 
This access method remains the same regardless of the 
type and source of data. Therefore, checkweigher owners 
are free to choose software and hardware that meet their 
primary production needs, without having to consider the 
availability of proprietary drivers. In addition owners of 
checkweighers which are OPC compliant can potentially 
interface systems to SCADA systems or other control de-

vices faster thereby reducing deployment time and costs. 
Like fieldbus interfaces the checkweigher supplier should 
be able to provide an OPC server interface guide which will 
provide the interface structure and capabilities. 

12.2.3 Feedback

Feedback, another form of process control, can track the 
performance of filler heads and even control the filler to 
obtain optimal fill weights. If manual control over the fill-
ers is desired, the checkweigher can simply provide a report 
on each head and trigger an alarm if a filler head is out 
of tolerance.

The filler is the key to effective fill weight control. The 
weight distribution of a filled item provides the best mea-
sure of the filler performance. The lower the variation of 
the filler, the better its performance and the less product 
will be given away.

If the target weight of a filler is set 2 standard deviations 
off the fill weight greater than the labeled weight, 95% of 
the items filled will weigh greater than or equal to the la-
beled weight. If the filler has a smaller standard devia-
tion, as described by the dashed-line weight distribution 
in Figure 12.1, the target weight can be much closer to the 
labeled weight compared to a less precise filler.

The filler will optimize the weight variation when:  

 ▪ The filler is suited to the product

 ▪ The filler is in top condition

 ▪ There is a uniform product flow entering the filler

Target Weight

Target Weight

Labeled 
Weight

2σ 

2σ 

Decreasing the  
standard deviation of 
the filler reduces 
product giveaway

Weight (g)

Figure 12.1: Filler Accuracy

12.2.4 Filler Accuracy

Feedback control from a checkweigher can minimize 
product weight errors and product giveaway introduced by 
filler drift (Figure 12.2). The drift may be caused by slow 
changes in the environment or product characteristics.
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Note: The accuracy of the checkweigher with feedback to 
a filler compensates for the product changes, but does not 
improve the filler performance.

Weight (g)

Figure 12.2: Filler Drift

The checkweigher and filler are in constant communica-
tion ensuring that if a weight drift is detected, it can be 
rectified before it has a negative influence on the produc-
tion. 

Step 1 (Figure 12.3) shows a downward filler drift detected 
by the checkweigher. If this trend continues, the fill weight 
variation will increase and items may be filled under-
weight.

100.5
Filler

X X

Checkweigher
Controller

Monitor product 
weights

1

Figure 12.3: Checkweigher Feedback Process to Filler Step 1

With checkweigher feedback, a signal is sent to the filler 
to adjust the fill as in Step 2 (Figure 12.4). There is a time 
delay during which the checkweigher will not signal the 
filler to adjust. 

100.3
Filler

X XXX

Checkweigher
Controller

Signal filler
to adjust fill

2

Figure 12.4: Checkweigher Feedback Process to Filler Step 2

Step 3 (Figure 12.5) shows the time delay is equal to the 
time it takes to weigh those packages which had already 
left the filler before the checkweigher signalled a change.

100.7
Filler
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Checkweigher
Controller
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filler while previous 
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(Continue to
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3

Figure 12.5: Checkweigher Feedback Process to Filler Step 3

In Step 4 (Figure 12.6), the downward filler drift is cor-
rected by feedback. 

102.1
Filler

Checkweigher
Controller
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filler as
necessary 

4

Figure 12.6: Checkweigher Feedback Process to Filler Step 4

The longer the distance between the filler and the check-
weigher, the more packages there will be between the filler 
and checkweigher at any particular time. The more pack-
ages placed in the queue for the checkweigher, the greater 
the time delay for feedback to the filler will be. Ideally, the 
checkweigher should be located right next to the filler for 
the most immediate response to changes in fill weight.

12.2.5 Gradual and Consistent Changes  
in Product Weight

Floating Zones or Gliding Limits software adjusts the tar-
get value and zone limits of a checkweigher to compen-
sate for gradual and consistent changes in product weight. 
The software detects trends based on short and long-term 
means.

A common application for this software is weighing paper 
products like diapers where it is important to verify the 
right amount of pieces. Ambient temperature and humid-
ity fluctuations will increase or decrease the moisture con-
tent and the weight of the paper. These changes will occur 
gradually. 

Floating Zone software changes the target weight as the 
running average changes. As moisture collects in the pa-
per, the paper weight increases slowly and appreciably. The 
target weight and zone limits raise and compensate for the 
increase in weight (Figure 12.7).
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Figure 12.7: Gliding Limits (Mean Value Tracking)

12.3 Checkweighing Combination Systems

In order to minimize complexity and space, as well as to 
integrate components on a line, combined metal detec-
tion and checkweighing as well as combined X-ray and 
checkweighing systems are available (Figure 12.8). These 
systems are easier to install and are usually less expen-
sive than buying separate systems and integrating them 
together. In addition, a combination system reduces opera-
tor errors and speeds up production changeover through 
automatic product setup on a single interface for both 
technologies. It also requires less operator training and 
reduces maintenance and cleaning costs. Packages are 
timed, spaced, and oriented in a uniform and repeatable 
manner making the checkweigher provide a convenient 
platform for integration of other inspection devices such 
as flap detectors, vision systems and RFID sensors.  Finally 
the checkweigher is well suited for reject management 
leading to centralized isolation and tracking of non-con-
forming product.

Figure 12.8: Checkweigher Combination Systems with X-ray or Metal Detector

12.4 Serviceability and Maintenance

It is recommended that a complete review of all service con-
tracts, wear and spare part kits, and machine warranties 

be made prior to making a decision of any checkweigher. 
Some warranties provide much more comprehensive cover-
age than others. There may be a service center near your 
location or an active network of service technicians. Money 
can be saved in the long run and increase the service life 
of your checkweighing system by purchasing a preventive 
maintenance program.

The latest checkweigher systems have been designed for 
easier maintenance. Today, parts last longer and can be 
changed easier. For simple maintenance, quick discon-
nect electrical connections, tool-less or quick change parts 
and spare part kits including belts, chains, bearings and 
sprockets are advantageous.

In order to minimize downtime it is crucial to order and 
receive new parts quickly. It is important to clarify parts 
supply and service. Having to wait for parts is a good rea-
son to keep spare parts on-site and be prepared.

12.5 Validation and FAT Procedures

Regulated industries such as the pharmaceutical industry 
require checkweighers that will be a part of a validated 
process. Special documentation and potentially 21 CRF 
part 11 operational compliance which require the check-
weigher to undergo a Factory Acceptance Test (FAT) is a 
consideration. When choosing a checkweigher supplier it is 
essential that they can provide all necessary documenta-
tion, software features and full support. The qualification 
and validation process should provide:

 ▪ Pre-approval documents

 ▪ Design Qualification (DQ)

 ▪ Installation Qualification (IQ)

 ▪ Operational Qualification (OQ)

 ▪ Performance Qualification (PQ)

 ▪ Certificates

 ▪ Maintenance Qualification

 ▪ Research Qualification
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Chapter 13
Sustaining Performance With OEE

13.1 Invisible Losses

It is sometimes difficult to quantify the exact reasons for 
production losses. OEE makes all losses clearly visible 
showing which machines and or processes are responsible 
for theses losses, which in turn provides valuable informa-
tion to take the necessary remedial action. 

Although a checkweigher may not be the cause of unex-
pected production losses, the fact that it is very often used 
as the final piece of equipment in a production line, for the 
final check of all products prior to despatch, makes it ideal 
for capturing valuable data when calculating OEE.

Using OEE to monitor production processes will show the 
where and why production losses are occurring but it does 
not show the root cause for these losses. OEE delivers a 
value based purely on machine and process production 
data and does not take the “Human Factor” into account 
in its calculation. 
 
OEE in its simplest definition is defined as 

= ?%Actual Good Output 
Maximum Capable Output

There are 3 primary factors which need to be taken into 
consideration when calculating how well a production line 
is doing; which when considered together, form the basis 
for measuring OEE. 

These 3 factors are:

 ▪ Availability

 ▪ Performance 

 ▪ Quality

Improving any of these 3 factors will result in an improve-
ment in OEE.

13.2 Calculating OEE

OEE is calculated by comparing actual results in the 3 ba-
sic factors, availability, performance and quality, against 
planned or predetermined standards for each factor. The 
resulting percentages are then multiplied together to de-
termine the Overall Equipment Effectiveness. 

“If you have an OEE of 85% or 
greater your production line can 
be considered to be world class”

13.2.1 Availability

Availability is the actual operating uptime shown as a 
percentage of planned production time. 100% availability 
means the production line has been running without any 
unplanned and recorded stops. 

After successful implementation of an effective checkweighing program including all neces-
sary actions for improving performance, the production processes must be constantly moni-
tored to sustain these performance levels and where possible take further action to improve 
them. Some manufacturers like to look at performance in terms of Overall Equipment Effec-
tiveness (OEE) which is an effective method of measuring and quantifying the performance 
of a production line. For these manufacturers OEE represents “best practice”. 
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13.2.2 Performance

Performance is the actual throughput shown as a per-
centage of the maximum or specified throughput. Perfor-
mance is a measurement of a production line’s ability to 
run at its maximum specified throughput. 100% perfor-
mance means the process has been consistently running 
at its designated maximum throughput.

13.2.3  Quality

Quality is the amount of good products shown as a per-
centage of all products produced. 100% quality means 
there have been no rejected or reworked products.

Example: 
90% Availability x 95% Performance x 99.9% 
Quality = a World Class OEE of 85% 

The advantage of OEE lies in the three factors which can 
be analyzed and acted upon individually. In Figure 13.1 
you can see an overview of how to calculate the OEE and 
an example.

13.3 Improve the Availability and Performance 
Components of OEE Through Proper 
Maintenance 

Some companies follow adhoc or routine maintenance 
procedures without ever considering the impact that prop-
er planned maintenance can have on both the availability 
and performance components of OEE. 
 
Longer run cycles and not faster recovery from unplanned 
downtime should be the primary focus of an effective 
maintenance plan. Proper maintenance leads to longer 
run cycles and faster recovery after unexpected downtime.

Maintenance should never be neglected – all checkweigh-
ers require regular maintenance work to function at their 
specified, ideal run rate. If the resources are not available 
internally to execute a regular maintenance program the  
equipment supplier should be capable of assuming this 
critical function. 

Operators should be thoroughly trained, in some organiza-
tions the maintenance group is capable of performing this 
task once they are trained by the equipment supplier. If 
this resource is not available the equipment supplier can 
provide customized training programs based upon the spe-
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OEE = 75% x 80% x 95% = 57%

Availability = B/A = 360/480 = 75% 
Performance = D/C = 2880/3600 = 80% 
Quality = F/E = 2736/2880 = 95%

Figure 13.1: OEE Calculation Example 
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cific application requirements. Well trained, conscientious 
and proactive operators are essential for improving  OEE 
by recognizing potential problems that can lead to down-
time before it actually occurs and applying corrective ac-
tions. Training should not be a short term process. All new 
operators should undergo extensive training on both the 
checkweigher and its associated processes. This will  lead 
to a major improvement in OEE.

It is also important to remember that proper maintenance 
can also impact quality. Proper maintenance enables ma-
chines to hold performance to their original design specifi-
cations, which in turn enables maintenance of tighter pro-
duction tolerances leading to a more uniform and higher 
quality product.

13.4 Keep Score and Share Results

It is important that OEE information is shared with produc-
tion personnel.  Highly skilled and conscientious operators 
who are intimate with the process and checkweigher will 
be instrumental in developing solutions for checkweighing 
problems and should be involved and motivated.

Experts strongly recommend installing a simple monitor-
ing system such as an LED display in key areas of the fa-
cility so that manufacturing personnel can see production 
line OEE in real time. Lack of visibility to OEE masks the 
impact, gains or reductions it can have on sustaining pro-
duction line performance. 

Once the basic factors for calculating OEE are understood 
the development of tools to collect the information and do 
the calculations can be accomplished.

It is recommended to start by monitoring a single check-
weigher. Take measurements, identify individual problems 
and develop solutions. Measure again to see if there has 
been improvement and continue this exercise. Then ex-
tend this process by measuring a work cell or a complete 
production line. Follow the same process – collect the data, 
identify problems, develop solutions, measure and repeat.

13.5 Make OEE Part of the Investment  
Decision Making Process  

OEE can also be employed to avoid making inappropriate 
purchases. It helps to focus on improving the performance 
of current machinery and plant resources. When invest-
ment in new machinery is necessary, choose equipment 

from equipment suppliers who understand OEE. It is essen-
tial to specify output driven performance measures for new 
processing machinery in supplier contracts. OEE measures 
can be used to make sure that new equipment performance 
satisfies the original business case. 

13.6 OEE Software

When implementing an OEE program consider using pro-
fessional software solutions which will help considerably 
increase and sustain a high OEE value. There are many 
companies providing software and solutions for managing 
OEE. 

A good OEE software package helps the shop floor to go pa-
perless. Typically, facility operators and supervisors spend 
an enormous amount of clerical time recording, analyzing 
and reporting downtime reasons and root causes on paper, 
then further explaining these reports to management. An 
OEE system captures and reports downtime and efficiency 
automatically. This saves time lost in non-value added re-
porting activities and allows personnel to focus on more 
valuable tasks. With OEE, everyone from the plant floor to 
the boardroom is more informed, more often, more easily. 
More importantly a software package can:

 ▪ Pin-point the opportunities and actions required to cut 
production losses and increase capacity

 ▪ Portray the real cost of all downtime, idle-time, yield-
loss, rework, scrap process losses

 ▪ Deliver accurate analytical data to drive successful 
Lean Manufacturing and Six Sigma initiatives

 ▪ Provide a substantial competitive advantage for the 
manufacturing business in the overall supply chain

OEE should be regarded as a continuous process 
and not a one-time project or activity. Small 
gains can lead to significant OEE improvements 
over time, but only if continuously observed and 
monitored. Gains in more than one factor lead to 
even greater gains in OEE, with the resulting cost 
savings and increased profits.
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Date: _________________
Assessment for (machine/cell/production line)  __________________________________________

(A) Planned Production Time ________(min.)

(B) Actual Production Time ________(min.)  B/A=  ________%  Availability

(C) Specified Throughput ________(pcs. per min.)        X

(D) Actual Throughput  ________(pcs. per min.) D/C= ________% Performance

(E) Total Products Produced ________(pcs.)         X

(F) Good Products  ________(pcs.)  F/E= ________% Quality

        OEE=________%
        (See Figure 13.1 for the calculation)

OEE Data Collection and Assessment Form

Notes:

Action Taken:
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Chapter 14
Glossary

Accuracy
Accuracy is comprised of the linearity and repeatability of 
a system and can be defined for checkweighers as the sum 
of the standard deviation and the mean error of the system. 

Belt Speed
The linear speed of the belt typically measured in meters 
per minute (mpm). The most accurate measurement can 
be achieved using a tachometer.

Checkweigher
A mechanism which weighs items as they continuously 
move along a production line, classifies the items into pre-
set weight zones (typically as overweight, acceptable and 
underweight) and rejects or sorts items of unacceptable 
weight.

Controller
The checkweigher electronic console. When triggered by 
the weight light barrier, the control weighs and classifies 
each item and rejects off-weight items from the line.

Deviation From Target
The difference between the actual weight and the target 
weight, with positive and negative values. It is possible to 
view the weights as a deviation from the target weight on 
the checkweigher display panel.

Dovetail Transfers
In cases where the infeed conveyors consist of narrow 
chain or belt, it is possible to overlap at the transfer point, 
creating a “dovetail” that maintains support of the prod-
uct during the transfer between conveyor sections. This is 

the highest level of integration and provides the smoothest 
transfer. Dovetails can also be used between the various 
checkweigher sections, such as timing and spacing, spac-
ing and weighing and weighing and outfeed.

Dynamic Weighing
Dynamic weighing occurs when an item is weighed over 
the weighcell while in motion.

Efficiency
This value is the percentage of elapsed time during which 
the line was running.

EMFR – Electromagnetic Force Restoration
High precision weighcell principle used in both scales and 
checkweighers.

FPVO – Fertigpackungsverordnung
German Weights and Measures law for net content of pre-
packaged products.

Giveaway
The amount by which item weights exceed the labeled 
weight. Can be determined per package, as an average or 
summation of a group of packages.

Golden Rule
There are three main parameters in measuring the pack-
age throughput of in-motion packaging equipment: belt 
speed, packages per minute (PPM) and package 
pitch as described below. The three are always related by 
the equation:

Belt Speed = PPM x Pitch

The following is a glossary of common terms used in this guide and in the checkweighing 
industry.
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Net Weight
The weight of the product content in the package.

NIST 
The National Institute for Standards and Technology. Part 
of the United States Department of Commerce – the NIST 
publishes Handbook 44 for Weights and Measures stan-
dards, and Handbook 133 for weight regulation of pack-
aged goods. 

Nominal Weight
See Target Weight.

Normal Distribution
A frequency probability distribution centered around the 
mean of a population of data and following a bell shaped 
curve. The width is determined by the standard deviation 
of the data.

Nose Roller
Is a miniature roller in the gap between the deflection 
rollers of adjacent belt conveyors to make the smoothest 
transfer of the products.

NTEP
The National Type Evaluation Program. Part of the Na-
tional Council on Weights and Measures – a third-party 
organization in the United States that verifies compliance 
to standards for weighing and measuring equipment.

Packages per Minute (PPM)
The rate at which packages are observed at a given point in 
the line. The ppm can be measured over a period of time 
to give an average rate, or over an infinitesimally small 
period of time to give an instantaneous rate. When design-
ing a package handling system, the PPM must be constant 
throughout the system, otherwise severe backups and jams 
will occur.

Package Spacing
Gap between products for accurate weighing.

Photoeye/Light Barrier
Usually a photoelectric scanner which triggers a weighing 
cycle when an item interrupts its light beam. Instead of a 
photoeye on some checkweighers, a cam switch is activated 
by preceding packaging machinery.

Pitch
The measurement of pitch is from the leading edge of one 
package to the leading edge of the next package or from 
center to center.

Gross Weight
The complete weight of the product including packaging.

Instantaneous Line Rate
If conditions cause a group of packages to enter the check-
weigher, the PPM rate will be greater than the average 
Line Rate. In the worst case the instantaneous line rate 
is the maximum belt speed divided by the smallest pitch. 
These situations need to be taken into account to guaran-
tee appropriate minimum spacing.

Intermittent Motion Checkweigher
This type of checkweigher brings each item to a complete 
stop on the weighing section, weighs the item and then dis-
charges it. The checkweigher measures the static weight, 
not the dynamic weight. See also Checkweigher.

Item
A specific product. For example, if your product is 300g 
boxes of cereal, an item is a single box of cereal.

Labeled Weight
This is the weight of the product as shown on the packag-
ing. The mean of the total production should be equal to 
or greater than this value. Sometimes also referred to as 
nominal weight.

Line Rate
The number of items per minute that the production line is 
producing; throughput (measured in PPM).

Linearity
Linearity is the ability of the checkweigher to accurately 
measure a known value over the range of the device.

MC – Measurement Canada 
The agency in Canada that provides Weights and Measures 
standards, and verifies compliance of equipment to those 
standards. 

Mean Error
The difference between the mean value of actual data 
(weights) and the measured data. 

Mean Value
The sum of all values in a group divided by the number of 
values in that group.

MID
The abbreviation MID stands for “Measuring Instruments 
Directive” and describes in detail the processes and re-
sponsibilities for 10 types of measuring instruments, in-
cluding checkweighers, during their production and com-
missioning.
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Precision
Normally referred to as repeatability when used in con-
junction with a checkweigher.

Programmable Logic Controller (PLC)
PLCs range from small component-level devices that can 
be part of machine systems (including checkweighers), to 
large devices that centralize line control and data man-
agement. PLCs are characterized by three main elements: 
an input area, an output area and a logic device. A user 
interface is provided with larger systems, but smaller sys-
tems are often controlled remotely, or through an external 
computer.

Rejector
A mechanism which removes items from the in-line flow 
upon receiving a signal from a control system. The rejec-
tor often consists of a solenoid-operated valve, air cylinder 
and associated mechanical parts.

Repeatability
This is the checkweigher’s ability to weigh consistently over 
time. Using the same weight, if you place it on and off the 
checkweigher 100 times, how many times would you get 
the same value. 

Re-zero
Refers to automatic compensation for product build-up on 
the weighing section or gradual changes in the weight sig-
nal from the checkweigher as components age. 

ROI – Return On Investment 
Is the ratio of money gained or lost (whether realized or 
unrealized) on an investment relative to the amount of 
money invested.

Side Transfer (Conveyor to Conveyor)
A means to transfer product from one belt to another with 
continued support of the package, by placing two convey-
ors adjacent and parallel to one another. The checkweigh-
er is placed in front and parallel to the adjacent conveyor. 
The side transfer conveyor is placed as close as possible to 
the customer’s conveyor and the belts are almost touch-
ing. Guide rails are then put in place to slide the products 
off the customer’s conveyor onto the side transfer conveyor. 
The side transfer conveyor can then be integrated with the 
checkweigher infeed or outfeed section for smooth trans-
fers. 

Sidegrip Conveyors
A vertical axis conveyor assembly with two opposing belt 
sections that engage the sides of a package. Some tall, 
small footprint items cannot easily transfer between con-
veyors. Sidegrip belts extend over the discharge of the cus-

tomer’s conveyor and obtain a positive grip on both sides 
of the product before it reaches the gap between the cus-
tomer’s conveyor and checkweigher. In this way it is sus-
pended between the belts as it travels over the gap and is 
released onto the infeed section of the checkweigher. The 
sidegrip belts are also used to bridge the gap between the 
checkweigher outfeed section and the following take-away 
conveyor. 

Spacing Conveyor
An infeed spacing section is used to speed up packages to 
create the proper gap for weighing. These sections can be 
chain or belt, and run faster than the customer’s infeed 
conveyor, thus increasing the gap between packages. In 
order to be effective, the customer must deliver the product 
on the same consistent pitch and belt speed that the unit 
was designed for. Any variations in these will cause spac-
ing errors.

Standard Deviation
Standard deviation is the spread of data around a central 
point. The data must follow a normal distribution. A unit 
of standard deviation can be expressed with the Greek 
symbol σ “sigma”.

Static Weighing
Static weighing is the process of weighing an item while it 
is at rest on a scale platform.

Strain Gauge Load Cell
The standard strain gauge cell is the most common type 
of weighcell used throughout the world, due to its low cost 
and industrial robustness. Its quick response time is ideal 
for checkweighing. 

Tare Weight
This value is the weight of the packaging without any 
product (i.e. an empty box).

Target Weight
This value is the desired weight of the product being pro-
duced. The target weight can sometimes be used to describe 
the nominal or labeled weight of a product. Under normal 
circumstances the target weight is set slightly above the 
labeled weight to ensure that the mean weight of the total 
production does not lie under the labeled weight, for com-
pliance with packaging regulations.

TCO – Total Cost of Ownership
Its purpose is to help consumers and enterprise managers 
determine direct and indirect costs of a product or system. 
It is a management accounting concept which can be used 
to make sure that all associated costs over a given time 
period are considered when acquiring an asset.
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Throughput
See Packages per Minute.

Timing Conveyor
A conveyor used to regulate packages to a consistent pitch. 
If the customer cannot guarantee consistent spacing or if 
the items are spaced far apart and running particularly 
fast, a timing section is typically used to slow the items 
down. Slowing them down will cause them to be positioned 
close to one another, thus ensuring consistent package de-
livery. A spacing section always follows a timing section 
and spaces the product to the correct pitch for weighing. A 
timing section can also be chains or belts.

Timing Screw (Helix, Worm)
A varying helix that rotates about an axis that is parallel 
to the direction of package travel, and releases packages at 
a consistent pitch. For certain products such as cans, it is 
easier to space them using a timing screw. A timing screw 
is basically a plastic rod with one long groove cut into it, 
similar to the thread on a screw. The groove is slightly 
larger than the can diameter, allowing half of the can to 
be within the groove. Instead of being a constant pitch like 
that of a screw, the pitch expands, easily spacing tall un-
stable products. A wide silent chain is used under the tim-
ing screw to carry the products.

Transients
Spikes on an AC power line which interfere with your con-
trol’s functionality.

Transport
The product handling mechanism on a checkweigher, 
such as a conveyor.

Weighcells
Different types of weighcells are used in each product line. 
The weighcell is the actual scale component of a check-
weigher. See Electromagnetic Force Restoration and Strain 
Gauge. The weighcell’s electrical output is the weight signal.

Weigh Light Barrier
Usually a photoelectric sensor at the beginning or end of 
the weighing conveyor which instructs the controller to 
display the weight of the product being transferred to the 
outfeed conveyor.

Weighing Conveyor
The scale section of all checkweighers is called the weigh-
ing conveyor. The length of the weighing conveyor is criti-
cal in calculating the weigh time and determining the 
maximum number of packages that can be run on that 
checkweigher.

Weigh Time
The amount of time that the package is fully on the weigh-
ing section by itself. This can be calculated by subtracting 
the package length from the weighing conveyor length and 
dividing by the belt speed. Depending on the main frame 
and control, weigh time ranges from 60 milli seconds to 
over 350 milliseconds.

Example:
Given:  PPM = 100 Package  
 Length = 200 mm

Using a 305 mm long weighing section, to ensure only one 
package is on the weighing section, we set the minimum 
pitch to 355 mm. Using the golden rule, we calculated the 
belt speed as:

355 x 100 = 35.5 meters per minute.

Our weigh time = (305 - 200)/(35500/60) = 0.177 sec-
onds. Probably acceptable depending on the type of prod-
uct and desired accuracy.

Weight Display
Displays each item’s weight or a variation as a plus or mi-
nus from the target weight as the line runs.

Weight Signal
The analog or digital output signal from the weighcell. On 
an analog signal the output voltage is proportional to the 
weight applied to the weighcell.

Weight Zone
The range of weights between two consecutive zone limits.

Zone Indicator Lights
These lights show the classification of each product. See 
Figure 14.1 for an example of color indications.

Color

Weight Zone

3 Zone Indicators

Weight Zone

5 Zone Indicators

Red Zone 1 -  
Underweights

Zone 1 -  
Underweights

Blue Not Used Zone 2 - First under 
(Usually acceptable 
but too light)

White Zone 2 - Acceptable Zone 3 - Acceptable

Amber Not Used Zone 4 - First over
(Usually acceptable 
but too heavy)

Green Zone 3 - Overweights Zone 5 - Overweights

Figure 14.1: Zone Classification Status
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http://bundesrecht.juris.de/bundesrecht/fertigpackv_1981/

gesamt.pdf

Physikalisch-Technischen Bundesanstalt (PTB) 

http://www.ptb.de

United States of America
United States Department of Agriculture (USDA) 

http://www.usda.gov/wps/portal/usdahome

National Institute of Standards and Technology
http://ts.nist.gov

United States Food and Drug Administration (FDA) 

http://www.fda.gov 

Food and Agriculture Organisation (FAO) of the United Nations 

http://www.fao.org/ 

NSF International 
http://www.nsf.org 

United Kingdom
British Standards – PAS 96 

http://www.bsigroup.com/en/Search-Results/?q=pas+96 

Netherlands
NMI Group – independent, internationally testing and certifica-
tion institute 

http://nmi.nl/

VERISPECT:
http://www.verispect.nl/

Russia
Federal Agency on Technical Regulating and Metrology 

http://www.gost.ru

China
General Administration of Quality Supervision, Inspection and 
Quarantine of the People’s Republic of China 
http://www.aqsiq.gov.cn

National Institute of Metrology of the People’s Republic of China 

http://www.nim.ac.cn/

Taiwan
Checking the Net Content of Packaged Food 
http://www.cnsonline.com.tw/search/search_preview.

jsp?general_no=1292400

Bureau of Standards, Metrology & Inspection 

http://www.bsmi.gov.tw/wSite/

ct?xItem=11989&ctNode=1997&mp=1
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No part of this manual may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying 
and recording, for any purpose without the express written permission of Mettler-Toledo Hi-Speed.

This documentation is furnished with restricted rights. 

The information contained in this guide is provided to assist producers in developing and implementing an effective checkweighing 
program. Mettler-Toledo Hi-Speed does not warrant the accuracy or applicability of the information contained herein and as such is 
specifically not responsible for property damage and/or personal injury, directly or indirectly for damages and/or failures which may be 
caused as a result of using the information provided.
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For more information
www.mt.com/hi-speed

Mettler-Toledo Hi-Speed
5 Barr Road
Ithaca, NY 14850
USA
Tel:  1-800-836-0836
 1-607-257-6000
Fax: 1-607-266-5478
E-mail: hispeed@mt.com
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