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Electronic filling equipment has been on the 
market for many years now and the demands to 
filling accuracy are becoming more and more 
stringent. Technology is constantly developing, 
but what can it actually do with filling accuracy, 
when gas cylinders are filled in a filling hall?

As a supplier of filling equipment we receive 
much information from the entire market place, 
and on this background we feel that the time 
has come to bring forward some factual infor-
mation on filling accuracy.

In doing so we wish to do away with rumours 
and misinterpretations so that the market place 
has the right concept of these things; so that 
we speak the same language. It is our hope that 
this White Paper will bring some clarity to the 
issue of filling accuracy in this business.

White Paper 
on Filling Accuracy
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number, time of filling etc.). This provides an overview that is not 
possible with mechanical filling. The collected data can be grouped 
and rearranged to serve a variety of purposes. The data can be dis-
played online, on the screen or in a report suitable for print.

When it comes to filling accuracy one is interested in reports on the 
filling accuracy for each filling machine and the filling accuracy for all 
filling machines and all filled gas cylinders. With this collected infor-
mation the plant manager has the complete overview of the filling 
accuracy at the plant and the technicians can see details on how 
each filling machine fills with a view to maintenance and adjustment.

Statement/presentation of the filling accuracy

Simple reading of filling accuracy 
The filling accuracy is sometimes stated as e.g. ± 200 g. This is a very 
simplified way of indicating it and which may be relevant if you are 
interested in the extreme limits only. However, looking at many fill-
ings it is interesting to see how the deviations really are distributed 
within the ± 200 g.

Reading in practice with intervals 
A more precise way of describing filling accuracy is to show a devia-
tion pattern in columns or a bar chart as in the report sample in Fig. 1 
(overleaf). It reflects the way data is collected in practice where it is 
necessary to group it in certain intervals.

Theoretic reading 
The most precise way of indicating filling accuracy for a filling machine 
is as a curve or graph (without the intervals), similar to what is called a 
normal distribution curve in mathematics. Not all filling machines can 
be shown as a normal distribution. Some conditions must be fulfilled.

How to measure filling accuracy

A filling machine’s filling accuracy is defined as the size of the devia-
tion between the actual filling value and the desired filling value. The 
deviation is found by check-weighing the gas cylinder after filling. In 
connection with carrousel filling this check is often performed on a 
separate scale (a check scale).

On a stationary filling machine equipped with a load cell, check-
weighing can be performed on the filling machine itself. In this case 
the gas cylinder is weighed againafter the filling process is complet-
ed. One may argue the justice in having something to check itself; 
however, a check scale and a filling machine with subsequent check-
weighing have been approved and they are controlled and verified 
precisely the same way and by the same authorities.

The quality and the accuracy of the check scale have an influence on 
how correct the filling machine’s accuracy can be expressed. Conse-
quently the check scale is a most important process machine and one 
that should be protected, maintained and kept well running if the 
filling data collected and stored in the production data management 
system on the pc shall be reliable.

Data collection, data presentation & data use

Data collection in a production data management system has become 
a key function in an electronic filling system. With intrinsically safe 
filling machines and networks today it is quite easy to install.

A first-class production data management system collects detailed 
data on every gas cylinder (tare value, cylinder type, filling machine 



Filling machine statistics for 11 kg cylinder

From: 2004-08-23 00:00
To: 2004-08-27 16:41
Printed: 2004-08-27 17:04

Filling
machine -150 -100 -50 0 +50 +100 +150 Total

1 5 32 275 1127 281 37 7 1764
2 3 31 286 1121 274 22 5 1742
3 8 37 279 1135 271 35 8 1773
4 6 33 282 1120 276 21 4 1742
5 7 37 285 1126 277 32 8 1772
6 6 28 283 1125 281 36 7 1766
7 4 34 278 1128 283 21 8 1756
8 7 37 275 1131 279 43 7 1779
9 8 49 284 1119 276 21 7 1764

10 6 29 281 1127 285 31 9 1768
11 8 33 280 1123 282 32 6 1764
12 9 30 286 1124 283 34 4 1770
13 5 35 276 1126 284 26 6 1758
14 8 31 273 1125 278 32 5 1752
15 7 25 285 1130 276 36 7 1766
16 6 24 279 1133 281 37 6 1766
17 5 32 282 1132 280 28 5 1764
18 4 32 284 1122 283 29 4 1758
19 3 36 278 1124 285 33 8 1767
20 6 31 283 1130 279 27 6 1762
21 6 26 283 1121 275 29 6 1746
22 7 25 285 1126 277 34 5 1759
23 5 29 278 1123 280 28 4 1747
24 7 27 282 1129 278 27 3 1753

Total 146 763 6742 27027 6704 731 145 42258
% 0,3% 1,8% 16,0% 64,0% 15,9% 1,7% 0,3% 100%

      Average deviation per filled cylinder: 0.002 kg

2004-08-27 Filling Report 01

Variations in grammes
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Fig. 1 – PC Production Data Management System report from a filling plant with average filling accuracy (see grouping later)

It requires a good and stable working filling machine in which the 
parts and components operate with a good repeatability. Also there 
are conditions for how the filling values may be distributed in order 
for the curve to be called a normal distribution curve.

First the filling values must be distributed symmetrically around the 
desired filling value (also called the mean value). Secondly the filling 
values must be distributed according to the specific pattern on each 
side of the mean value. A constant called standard deviation is used 
for this. The distribution will be as follows:

•	 Approx. 68.3% must be within ± 1 * the standard deviation
•	 Approx. 95.5% must be within ± 2 * the standard deviation
•	 Approx. 99.7% must be within ± 3 * the standard deviation

The deviation shows how accurate the filling machine is and the proba-
bility for a certain filling result. A small standard deviation gives a good 
filling accuracy and a steep curve. A bigger standard deviation gives a 
poorer filling accuracy and more flat curves. On good and stable work-
ing filling machines the standard deviation will be constant. 

Practical experience from our many installations across the world, and 
many in-house and external tests in connection with approvals, we 
know for a fact that our UFM filling machine has a filling accuracy that 
follows a normal distribution curve.

This is the result of serious research and development, intelligent 
software and close cooperation with some of the leading manu-
facturers of components and equipment in the business. More-
over, we have proved that a correctly and optimum installed and 
well-main-tained UFM filling machine has a standard deviation 
constant at 25 g.

In order to compare the three above-mentioned ways of indicating 
filling accuracy they must be read according to the same method.
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We do this by giving the orange area on the three readings (see Fig. 
2-A, 2-B and 2-C overleaf) the same size. The orange area (100%) 
represents all filled gas cylinders. The number of gas cylinders in the 
three readings is the same, only indicated differently.

A – The simplified ± indication tells nothing about the distribution, 
so we assume it is evenly distributed over the entire interval (Fig. 2-A).

B – The bar chart shows the fillings in intervals, only there is nothing 
about the distribution within each interval (Fig. 2-B).

C – The normal distribution curve is ungraduated and therefore 
the most precise reading of the filling values. It is generated from a 
mathematical modelling of input data, which is only possible because 
we know from previous tests that the UFM filling machine follows 
this curve (Fig. 2-C).

Fig. 2-A – Simple reading of filling accu-

racy (“±”) showing that 10% (hatched 

area) of all filled gas cylinders (orange 

area) were filled within ± 12.5 g.

Fig. 2-B – Reading in practice with 

intervals (bar chart) showing that 32% 

(hatched area) of all filled gas cylinders 

(orange area) were filled within ± 12.5 g.

Fig. 2-C – Theoretic reading (normal 

distribution curve) showing that 37% 

(hatched area) of all filled gas cylinders 

(orange area) were filled within ± 12.5 g.

As an example, if you wish to find the number of gas cylinders filled 
with-in the limits ± 12.5 g and see them in the three different read-
ings, you can apply calculation of percentages on the areas to find 
the percentage.

The hatched area shows the number of gas cylinders with a deviation 
of ± 12.5 g. One clearly sees that a filling machine with a filling accu-
racy that follows a normal distribution curve gives the best result.

Each filling machine may not necessarily fill exactly along the mean 
value (but quite close). This is due to the fact that each filling machine 
is manufactured with their own mechanical components, components 
that only rarely are exactly the same from one time to another when 
you look at reaction times. They deviate a bit.

Still, importantly each component has its own high repeatability. In 
cases with several filling machines on a carrousel the purpose of the 
adjustment is to rectify all filling machines so that the combined fill-
ing accuracy result for the entire carrousel is a normal distribution 
around the same mean value, so that the curve is steep. So it is im-
portant that the filling machine software allows for adjustment of the 
software parameters in order to make individual compensations for 
the almost identical, but still different reaction times of the mechani-
cal components.
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What influences the filling accuracy of a load 
cell filling system?

If a UFM filling machine is installed in an ideal room, stationary on 
the ideal foundation (lab conditions) and it receives constant supply 
pressures, all fillings would be very close to the desired filling value. 
However, this is not the filling situation in a filling hall. Finishing a 
filling process in a filling hall so that you obtain the desired filling 
value as precisely as possible is a very complex operation.

Many factors influence the situation and consequently no fillings 
actually match the desired value. Inside the filling machine the 
following technical factors influence the result.

•	 Weighing accuracy – The load cell and the mechanical de-
sign of the weighing platform must be good and correct work-
manship so that the scale does not have a non-return to zero 
position mismatch and the load cell mechanically is protected 
against overload.

•	 Intelligent software to process and filter the signals from the 
load cell. These signals are influenced by vibrations over the 
floor, and indeed carrousel filling machines in motion.

•	 Mechanical components controlled by the software and 
which handle the physical opening and closing of the LPG flow 
must be most reliable. This means we have a requirement for a 
high repeatability so that the components react precisely and 
uniformly every time.

•	 Zero position mismatch caused by pushing and pulling hoses and 
cables between the weighing part of the scale and the fixed parts.

In addition to the internal technical factors that influence the filling 
machine’s filling accuracy, we have a variety of external factors that 
affect the filling result. These are factors that technically cannot be 
eliminated by the filling machine itself.

•	 Varying wind action (could also be action from exhaust system 
or ventilation) over the weighing plate is a direct source of error 
for ± load.

•	 Dirt and water on the gas cylinder result in direct error 
(excess load results in underfilling), but the deviation can only 
be read in the statistics if it falls off the gas cylinder between 
the filling process and the check-weighing.

•	 Wrong tare marking of the gas cylinder results in direct 
erroneous filling. The error marking could be ± which results in 
overfilling or underfilling. The deviation does not appear in the 
statistics as the same tare value is used for both filling and 
check-weighing. Tare values are typically indicated in 100 g 
divisions, which means that in theory we can have round-off 
errors of up to 50 g.

•	 Faulty entry of tare value is an operator error which can be ± 
and so resulting in overfilling or underfilling. The deviation does 
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Fig. 3 – Feedback from different filling plants shows that Kosan Crisplant’s electronic filling equipment is the most accurate 

equipment on the market. The filling accuracies are shown as curves as the filling accuracy of a filling machine graphically 

looks like a mathematical normal distribution curve.

not appear in the statistics as the same tare value is used for 
both filling and check-weighing.

•	 Sediment inside the gas cylinder (not included in the gas 
cylinder tare value) results in direct erroneous filling and under-
filling. The deviation does not appear in the statistics.

•	 Sudden bigger jumps in the filling pressure gives ± errors 
and results in both overfilling and underfilling. The deviation 
appears in the statistics.

These external influences are impossible to control and to measure 
during the filling process and make it relevant to question how accu-

rate it makes sense to indicate the weighing results. Using 10 g divi-
sion in statistics and display readings are in our view something you 
do in a lab.

What influences the filling accuracy of a 
massflow filling system?

The process to be controlled with massflow filling machines is not 
less complex than filling on load cell filling machines. So the above 
facts apply not only for a load cell filling system, but mostly also for 
massflow filling systems.

However, in a massflow filling system the factors will be distributed 
on two machines. The scale before the filling, as the gas cylinders 
must be weighed before the filling process to establish the gross 
weight and thereby the volume of residue gas inside the gas cylinder. 
Then the filling machine itself.

The following technical factors deviate from load cell filling machines.

•	 Weighing accuracy will apply to the scale before the filling. 
On the filling machine the accuracy of measurement of the 
massflow meter will also have significance.

•	 The filling machine itself is not sensitive to zero position 
mismatch caused by push and pull action from the surround-
ings.

In a massflow filling system the following external factors deviate 
from load cell filling machines.

•	 All the above factors also apply to a massflow filling system.
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•	 Wind action will only affect the scale before the filling. Not the 
filling machine.

•	 Factors that affect the weight of the gas cylinder will influence 
the scale before the filling.

•	 Jumps in the filling pressure affects the filling machine itself.

Initiatives to eliminate some of the above error 
sources 

•	 Most filling systems can be configured to sort out gas cylinders 
with negative tare (the gas cylinder has a gross weight (tare + 
residue gas) less than the value printed on the gas cylinder and 
so the tare value actually keyed in). If you wish to find all gas 
cylinders with negative tare value, the gas cylinders must have 
zero residue gas. Sorting out gas cylinders with negative tare 
means that you will avoid overfilling these gas cylinders.

•	 The intelligent filling software of the UFM filling machine auto-
matically compensates for slow minor jumps in the filling pres-
sure (changes over 1-2 seconds) in order not to let it influence 
the filling accuracy, notwithstanding the before mentioned 
reaction time of mechanical components that opens and closes 
the LPG flow.

•	 Automatic adjustment of the filling machine by a return signal 
from the check scale to each filling machine is a possibility. If 
the check scale detects X number of erroneous fillings of a 
series of consecutive gas cylinders on the same filling machine, 
the closing time of the gas stop valve is adjusted up or down to 
match the correct net filling weight. The consecutive erroneous 
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Filling accuracy in practice

Speaking of filling accuracy, in Kosan Crisplant we do not wish to 
make a theoretic idealisation for our customers. We wish to supply 
facts about what is possible under normal conditions and in the end 
it is the actual conditions at the customer’s plant that determine just 
how good a filling accuracy you can obtain.

The following conditions at the customers’ site affect what the filling 
accuracy will be in practice.

•	 Open or closed filling hall and wind action

•	 Dry and clean gas cylinders in the filling process, or wet and 
dirty cylinders

•	 The general condition of the gas cylinders (good/bad foot rings) 
will affect the amount of overturns and so damage to the filling 
machines

•	 The degree of systematic and competent maintenance and 
adjustment of the filling machines (consistent use of statistics 
to optimise the filling process)

fillings must be of the same sort (overfilling or underfilling), the 
counter is otherwise zero-set. 
 
It is up to each filling company to establish whether this system 
actually helps to obtain less erroneous fillings, as the adjust-
ment, depending on the nature of the problem, can affect the 
filling accuracy positively as well as negatively. 
 
It may be difficult to adjust for the aforementioned external 
factors (wind, dirt, wrong tare etc.) as these may randomly 
influence the filling machine. The technical factors, however, 
influence the filling machine in a more systematical way and so 
rendering the adjustment an applicable tool. 
 
Most filling systems offer an alternative to adjusting the closing 
time of the gas stop valve on each filling machine as described 
above. The solution monitors the filling machine in more or less 
the same way using the check scale, only it stops introducing 
gas cylinders to the filling machine that has produced X number 
of erroneous fillings of consecutive gas cylinders. This will stop 
the sort out of cylinders from the check scale and so avoids the 
handling of these cylinders. Then the filling machine in question 
should be examined to locate the source of the errors.

•	 Automatic reading of tare values will remove human errors.

•	 The UFM filling machine has a feature that can define a mini-
mum and maximum tare value range for each type of gas 
cylinder so that only valid values are accepted. However, this 
will only eliminate grave tare entry errors.
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Our experience in the market place gives us an overview that divides 
obtainable filling accuracies on electronic filling plants into three 
categories. 

These categories have the following characteristics.

Filling accuracy above average

•	 Closed filling halls with constant ventilation.

•	 Filling of clean dry gas cylinders and gas cylinders in good con-
dition so that they will not overturn and damage the filling 
machines.

•	 Daily monitoring of filling reports and subsequent maintenance 
and adjustment.

•	 Filling accuracy 
  68% within ± 25 g 
  96% within ± 50 g * 
  99.5% within ± 75 g

Average filling accuracy

•	 Open / closed filling halls

•	 Gas cylinders with some dirt and water, gas cylinders in fair 
condition so that only a limited number of gas cylinders will 
overturn and damage the filling machines

•	 Weekly monitoring of filling reports with subsequent mainten-
ance and adjustment

•	 Filling accuracy 
  64% within ± 25 g 
  93% within ± 50 g * 
  96% within ± 75 g 
  99.5% within ± 125 g

Filling accuracy below average

•	 Open filling halls with varying wind action

•	 Dirty and wet gas cylinders, gas cylinders in a condition that 
causes some of them to overturn and damage the filling 
machines

•	 Rare monitoring of filling reports with subsequent maintenance 
and adjustment

•	 Filling accuracy 
  53% within ± 25 g 
  85% within ± 50 g * 
  93% within ± 75 g 
  97.5% within ± 125 g 
  99.5% within ± 175 g

* The figure does not appear directly in the Kosan Crisplant report, 
but it comes from a mathematical interpolation according to a normal 
distribution curve, which we know from tests as well as in practice 
that Kosan Crisplant’s UFM filling machine follows.



W1 W2

M

O

W

E

C

W C = Number of cylinders
E = Filling on electronic equipment
M = Filling on mechanical equipment
W = Weight
W1 = Minimum permitted filling limit
W2 = Maximum permitted filling limit
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What can filling accuracy be used for?

A good filling accuracy on electronic quality filling machines is par-
ticularly interesting for fillers operating mechanical or other types of 
filling machines in which the tolerances for the filling accuracy are 
big. Electronic filling and better filling accuracy give savings. As our 
electronic filling systems have become intrinsically safe, and conse-
quently are very fast and uncomplicated to install on existing mecha-
nical carrousels (plug and play), they have made the following easy 
and not inconsiderable savings possible by upgrading to electronic 
filling.

•	 Automatic transfer of the tare value from filling machine to 
check scale immediately saves one operator (carrousel solutions 
only). Filling and check-weighing can be performed on the same 
machine (stationary filling machines only).

•	 Gas saving – the better filling accuracy obtained by an electro-
nic filling machine compared to a mechanical unit means that 
the average filling value for electronic filling (can be moved) is 
much closer to the minimum filling limit value without under-
filling the gas cylinders (Fig. 4). The difference between the 
average filling value for all electronically filled gas cylinders and 
the average filling value for all gas cylinders filled on mechani-
cal equipment is ∆W and will mostly be around 200 g. So the 
saving is ∆W * number of gas cylinders * the gas price.

•	 As more gas cylinders will be filled within the permitted mini-
mum and maximum filling limits by electronic filling, you will 
have less rejections, and so less manual cylinder handling. Less 
rejections also result in higher and more continuous capacity 
(the area O in Fig. 4 will be as small as possible).

Fig. 4 – The better filling accuracy obtained by an electronic filling machine compared to a mechanical unit means that the 

average filling value for electronic filling is much closer to the minimum filling limit value without underfilling the gas cylinders
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