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Zinc coating weight on steel strip is affected by many process parameters, leading to non-uniform 
coatings. This can lead to surface quality issues and increased costs when thicker coatings are 
applied to ensure the minimum coating weight meets specification. A standard easy-to-run 
methodology is proposed to compute, not only the standard deviation of coating weight per strip 
side, but also coating quantities in relation to strip shape, nozzle adjustment, and other process 
and product parameters. The results obtained on two modern galvanising lines are presented.

The coating weight uniformity on coated sheet has 
been a major source of discussion for improvement 

due to the impact it has on production costs and the 
surface quality and powdering resistance in galvannealed 
(Zn or Zn-Fe) coated sheet steels. Figure 1 shows a typical 
case in which bright and dull transverse bands can be 
observed on the finished surface due to strip vibration 
at the Zn pot. The cost issue is related to the fact that 
customer specifications define a minimal coating weight 
in relation to the target corrosion resistance. Therefore, the 
target average coating weight on the production line must 
be the minimum value to which three standard deviations 
(3σ) of a classical coating weight dispersion is added. 
For example, if the minimum coating is 50g/m2 per side 
and the observed standard deviation is 2g/m2, the target 
average coating weight will be 56g/m2/side. This extra 
6g/m2/side on a 0.7mm strip thickness will lead to an 
additional zinc consumption of 2.2kg/t of steel.

The problems induced by a non-uniform coating weight 
are well known in the galvanising industry, however, the 
method of calculation is not standardised and varies from 
site to site. This implies that the best practice cannot be 
identified since the comparison of results do not compare 
like with like. In addition, if some equipment suppliers 
give a warranted 1σ of 1% of the average (0.5g/m2 on a  
50g/m2), there is no proof that this value can be reached 
either in spot situations or in classical industrial production. 

In addition, the 1σ calculation gives very little 
information: it is impossible to identify the causes of poor 
or good uniformity and, therefore, identify the actions to 
take to improve the situation. Figures 2a and 2b summarise 
the very different situations between stable (when the 
product and the process is constant) and transient (which 
correspond typically to a specification change) conditions 
for the management of the coating weight uniformity.

Since the coating weight is dependent on the line speed, 
nozzle to strip distance, wiping pressure and nozzle opening, 
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r Fig 1 Typical banding due to 
coating weight variation

r Fig 2 Coating weight management: a) in stable 
situations and b) in transient conditions 

Methodology to quantify objectively 
Zn coating weight uniformity

Fig 2a

Fig 2b
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If K samples with n elements from a population are 
taken, then the standard deviation, σ, of the K averages of 
the n elements is the standard deviation of the population 
divided by the square root of the number of elements in 
each sample (see Eqn 2).

From a practical standpoint, it means that if the zinc 
gauge sends the coating weight measured each second, 
the sigma value computed with those values will be 
significantly lower than if the sigma is computed on 
measurements received every 0.1 seconds.

In practice, this means that the sigma computed is highly 
dependent on the way the zinc gauge parameters are set, as 
well as the way the various coating weight measurements are 
actually done. Let us take as example the triple spot method. 
There are two ways that will give absolutely different sigma 
results. In the case of Figure 3a, it is assumed that the 
left, centre and right values are the average measurement 
obtained on one-third of the width. In Figure 3b, only 
one value at three different locations is taken. Similarly, 
the sigma can be computed with reference to the global 
average of the coating weight computed on one scan or 
during a defined period of time (ie, 5 minutes) or finally the 
customer target. The results will be very different. The sigma 
computed as in Figure 3a will be much smaller than that in 
Figure 3b. However, neither of them will make analysis of 
the exact strip shape possible. Furthermore, Figure 3c shows 
two calculation methods.

Strictly speaking, the divisor in the formulae should be 
N-1 and not N, but this makes no difference in practice due 
to the high number of samples used for the computation 
(10 minutes of sheet measurement will give about 1,200 
pieces of data in the sample).

COATING WEIGHT DISTRIBUTION
A typical coating weight distribution across the width 
corresponding to 30 minutes of production in stable 
conditions is shown in Figure 4 for two different strips: (a) 
1,224mm wide, 0.79mm thick, speed 146mpm measured 
at one point per 0.5 second, and (b) 890mm wide,  
0.98mm thick, speed 140mpm, measured at one point per 
0.5 second.

It turns out that the computed skewness and cross-

the uniformity in a stable situation is affected mostly by 
the unexpected variation of one of these parameters and 
most usually the distance due to imperfect strip shape or 
vibration. In such a situation, the closed-loop models that 
usually consider only the average value across the sheet 
have only the wiping process to compensate for a low 
strip shift between the nozzles or bath temperature, which 
impact the liquid viscosity. The transient case is totally 
different since most of the wiping parameters must be 
changed, using predictive and closed-loop models.

Therefore, it will be easy to understand that the 
computation of the standard deviation of the coating 
has a totally different meaning in stable and transient 
conditions. The first is more in relation to the strip shape 
and position while the second is highly dependent on the 
model performance.

This paper proposes a methodology that can be easily 
standardised to help identify the non-uniformity in well-
identified situations as well as a tool to identify the effect 
of parameter settings that are not optimised and/or poor 
strip shape.

BASICS OF STANDARD DEVIATION
Before describing the proposed methodology, it is 
important to review some of the basics of statistics and 
especially the computation of the standard deviation of 
a population.

Equation 1 relates the variance of the sample mean to 
the variance of the observation within the samples: 

r Fig 3 Alternative ways of determining sigma: 
a) average value across 1/3 of width, b) one spot 
value for the three locations 

Fig 3a

Fig 3b

Fig 3c

....Eqn 1

....Eqn 2
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is 1Hz, according to the Nijquist theorem. Such low 
frequencies are in the range of the natural vibration mode 
of a strip cooling tower. The coating weight variation due 
to poor pot roll rotation will never be estimated correctly 
since the frequency involved is much higher.

CHARACTERISATION OF STRIP SHAPE
Since the unexpected changes in the nozzle-to-strip 
distance are the major source of coating non-uniformity, the 
identification of strip shape is key to improving the coating 
weight distribution. This is indeed justified by the fact that 
the residual cross-bow, the nozzle skewness, or wave shape 
defects (S or W) do not require the same solution. A skewed 
coating, for example, will be improved by an optimised 
setting of the nozzle by the operator, whereas the other strip 
shapes require a deeper investigation for identification of 
their root cause. Therefore, it is proposed to estimate the 
strip shape by fitting the coating weight data from the 
scanning in-line gauge to a fourth-order linear function, as 
shown in Figure 5. This method has the advantage of giving 
access to a variable strip curvature across the width as it is 
in a W shape as well as a non-symmetric shape (the simple 
cross-bow concept supposes that the curvature is constant 
all across the width, a function of second order). 

To demonstrate the power of this method, the data 
from an industrial continuous galvanising line (CGL) has 
been processed with the fourth order function as well as a 
second-order fitting procedure. The latter can indeed only 
extract average curvature (cross-bow) and skewness (see 
Figures 6a-6c).

The method of the fourth-order regression also has the 
advantage of keeping a trace of the strip shape with 
small files since only four parameters are necessary per 
data package (typically corresponding to 5-10 minutes of 
running time). This led to a very strong and efficient data 
compression method. Conversely, the disadvantage of the 
method is that the physical meaning of each coefficient of 
the regression is difficult to understand. 

In contrast, the second-order regression is much simpler 
since average cross-bow and skewness are directly obtained 
and correspond to direct in-line correction. Therefore, it is 
recommended that the user records the coefficient of both 
second- and fourth-order regression to be able to determine 
the difference between the corrections that were possible 
by the operator: skewness with change in nozzle location 
and cross-bow with pot roll intermesh.

PROPOSAL FOR QUANTIFICATION OF  
NON-UNIFORMITY
To quantify objectively the coating weight uniformity and 
allow a further analysis by process experts, including the 
possibility to compare the line performance and start an 
identification of the root causes of the non-uniformities, 

Fig 4a

Fig 4b

r Fig 4 Typical coating weight distributions 
across the width corresponding to 30 minutes of 
production in stable conditions

r Fig 5  A fourth-order function to model the true transverse coating 
weight distribution

bow values are much too simple to express the shape. 
Additionally, when the analysed period is long, a strip shift 
between the nozzles may occur, as seems to have occurred 
in Figure 4a.

It must also be pointed out that the zinc gauge is not 
able to correctly measure the non-uniformity due to strip 
vibration. This is due to the fact that with a sampling rate 
of 0.5 seconds, the highest frequency that can be identified 
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the following procedure is proposed:
`  Use the in-line scanning Zn gauge with well-defined 

parameters for time constant and number of samples 
per second. It is recommended to set the time 
constant to 0.2 seconds and have one coating weight 
measurement every 0.5 seconds.

`  Be sure that edge detectors are working well. Coating 
weight below 35g/m²or even a coating weight 20% 
below the average of one scan could be automatically 
rejected. This is based on the fact that thicker coatings 
tend to exist on the edges and are never thinner than 
the average.

`  For each measurement, the gauge location is 
recorded.

`  The process parameters, especially those connected to 
wiping, are recorded (sampling every 1 to 5 seconds) 
simultaneously.

With the database, the following data processing is done:
`  Take a batch of data corresponding to a period of 

time between 5 and 10 minutes. This exact period 
will depend on a typical time needed to process an 
incoming coil, which used to be between 15 and 35 
minutes. This 5-10 minute period will ensure that 
conditions with stable process and strip specification 
can be found.

`  Develop the relationship between the coating weight 
and the process parameters at the pot. This must take 
into account the distance between the coating weight 
gauge and the nozzle as well as line speed in case the 
database is along the time and not along the length of 
the coil. In some cases, a half scanning time needs to 
be added.

`  Perform intelligent filtering to reject inconsistent data 
(too-low or too-high coating weight, extract slow-down 
and line stop, as well as gauge calibration) but mostly 
to separate the transient and stable conditions. This 
can easily be done by selecting the data in function of 
the standard deviation of process parameters during 
the period of time considered (line speed, thickness, 
coating weight target, etc).

`  Compute the quantities to follow, which are at least 
the averages and standard deviation, but also the 
shape factors identified by the regression procedure. 
Make connection with the average process parameters 
during the period.

INDUSTRIAL RESULTS
Coating weight uniformity has been analysed on two high-
capacity continuous galvanising lines (CGLs) according 
to the procedure proposed here. Since the objective was 
to identify the best uniformity that could be reached in 
industrial situations, periods of 5 minutes were selected 

Fig 6a

Fig 6b

Fig 6c

r Fig 6 Raw coating weight data: a) fourth-order 
fit: ) = –16, b = –25, c = –81; b) fourth-order fit:  
d = 42, and c) second-order fit (note: a, b, c and d 
are the constants shown in Figure 5)
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r Fig 7 Computed STD/AVG measured coating weight during 5 minutes of constant process and product CGL1

r Fig 8 Computed STD/AVG measured coating weight during 5 minutes of constant process and product CGL2
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extracts of the total data. It is not clear if operators could 
have improved the situation. However, the proposed 
methodology now gives access to new information about 
the possible cause of non-uniformity. A deeper analysis 
should be required to understand the root causes of  
the shape variations, such as steel quality, roll setting and 
heat cycle.

The fourth regression method is an excellent tool to 
investigate the average strip shape and its effect on 
the standard deviation. However, the method has its 
limitations. For example, the slow strip shift between the 
nozzles, like the low vibration frequencies or unexpected 
pass line changes, cannot be identified. To justify this, 
some 5 minute coating weight samples are compared to 
the computed average shape in Figure 10. 

Note how the data on edges varies in the centre case 
and in the centre for the bottom case. Therefore, other 
quantities might be computed, such as sigma along the 
line located on the edge and centre.

CONCLUSIONS
The coating weight uniformity of hot-dip coating is a 
major concern due to the impact it has on the product 
quality and coating cost. An objective and reproducible 

with only stable process and product conditions (one point 
in the graphs). Because it is known that standard deviation 
increases with coating weight, as can also be demonstrated 
theoretically, the standard deviation/ average thickness 
(STD/AVG) values were computed. Figure 7 is for CGL1, 
which only produces coating weights below 90g/m2/side, 
and Figure 8 for CGL2, which produces 35-150g/m2/side. 
Both sets of data refer to 5 days of production. CGL1 has a 
wiping model and CGL2 a strip stabiliser system.

This data shows that the minimal STD:AVG ratio is never 
below 2.5%, which means 1σ of at least 1.75g/m2 on 
a 70g/m2 average. No significant effect of speed and 
thickness can be identified. It can only be observed that 
strips wider than 1,600mm tend to have a higher standard 
deviation.

The analysis of the strip shape by the fourth regression 
method indicates that it is highly variable from period to 
period. Examples of the computed shape are shown in 
Figure 9a for CGL1 and Figure 9b for CGL2, where CWT 
and CWB refer to top and bottom thickness measured at 
the level of the zinc gauge. These figures clearly show that 
the strip profiles are more complex than simple skewness 
or cross-bow effects, and this is true for many of the 5 
minute extracts, Figures 9a and 9b being only random 

r Fig 9 Computed strip shape profile by the fourth regression method: a) for CGL1 and b) for CGL2. (Y axes 
are g/m2)

Fig 9a Fig 9b
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MEASUREMENT AND INSPECTION

compression method, providing a record of the line 
performance over years.

The results obtained on one plant, CGL2, show that the 
best standard deviation computed in 5 minutes of stable 
conditions is never below 2.5% of the computed average 
coating weight. MS

M Dubois an expert in process hot-dip coating and  
J Callegari is Senior Vice President Sales, both at CMI 
Industry, Seraing, Belgium

CONTACTS: michel.dubois@cmigroupe.com and   
jose.callegari@cmigroupe.com

methodology is proposed to quantify the standard 
deviation in coating distribution. It consists of simple 
data processing using the data from the in-line thickness 
gauge followed by dedicated processing to select either 
stable or transitory conditions, both requiring a different 
approach and solutions for improving the uniformity. 

Since the strip shape is known to be one of the main 
causes of poor uniformity, a fourth-order fitting of the data 
in a defined period of time is proposed, giving access to 
shapes more complex than cross-bow. 

Finally, the methodology based on computed values 
of average process parameters and coating weight 
distributions in selected conditions can be used as a 

r Fig 10 Comparison between fourth-order fit (rhs) and true data (lhs)
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