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On Line Measuring and Gontrol Equipment for
Alloy Degree in Gontinuous Galvanizing Process

Sachihiro lida**

1 Introduction

Zn-Fe galvanized stcel has excellent propertics,
including spot weldability, paint adhesion, and corrosion
resistance. On the other hand, the coating layer has poor
formability, and it is an important gquality problem to
prevent the flaking off of the coating layer on bending or
press forming, a phenomenon called powdering. 1t is
well known that the powdering property is closely
refated 1o alloying degree (average Fe content in the
coating layer). Therefore, at commercial galvanizing
lines, it is of great importance to measure the alloying
degree and control it within the allowable range. In addi-
tion, recent years have scen stricter customer quality
requirements, under which every quality characteristic
must be assured over the entire strip length and width,
obliging steclmakers to develop methods of continu-
ously measuring and controlling the alloying degree in-
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process.

An alloy degrce control system was developed at
Kawasaki Steel using an atloy sensor which measures
the alloying degree continuously. This paper describes
the alloy scnsor and the results of adoption of the alloy-
ing degree control system at Mizushima Works.

2 Continuous Hot Dip Galvanizing Line

The general layout of the facilitics 1s shown in Fig. 1.
After the hot dipping zinc pot, the coating weight is con-
trolled by a gas wiping system. The strip is then heated
by the heating section of the galvannealing furnace, pro-
moting an interdiffusion reaction between the Zn in the
coating layer and Fe in the base metal. The alloy sensor
and coating gauge are generally installed together after
palvanncaling treatment for practical use.
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3 Alloy Sensor

The coating tayer of palvannealed steel contains vari-
ous types of Fe-Zn intermetallic compounds, their struc-
ture depending on the Fe-Zn ratio of the layer. The Fe-
Zn ratio in turn varies with the galvannealing treatment
temperature, base sieel chemical composition, coating
welght, and other coating or galvannealing conditions.
Each phase has characteristic physical properties, one of
which, the lattice constant, can be used to distinguish the
type of phases and measure the amount of each phase by
X-ray diffraction analysis. On the other hand, it is well
known that in measuring the coating weight of Zn
coated steel, the intensity of the Zn fluorcscent X-ray
depends on the coaling weight. Therefore, both the
alloying degree and coating weight can be measured
using this method.

In actual alloying degree measurement, it is neccssary
to measure the intensity of diffraction of the background

161

141

Alloy degree (Fe content) (%)
=

!
8- a .’;’ &P
7 il Coating weight
6l g,fn ofe —O—33-43g/m?
I —a—50—73g/m?

-- o--- 80~ 100 g/m*?

1 L i " 1 N 1 . 1

0 0.2z 04 06 0§ 10

I

Correlation between alloy degree (Fe con-
tent) in coating layer and intensity ratio of T
to background for vanous coating weights

o . F O = Head side T
g}. 15 _:_"X — Bottom side = g ;
B 14N = 34 ]
B B =1028wt% f
Tk Q ]
2« 1E » 3
ezl B 5
g £ 10EF il :
ir - E
o g FC 6% ;
it é 9 £
L F g X
o,

8 9 10 11 12 13 14 1h 16

Fe content analvzed by chemical method (wt %)

Fig. 3 Comparison of the in-process measured data
with chemically analyzed data in Fe content

{/ngr) 10 order to estimate the value cxactly. The alloving
degree (Fe content) of the coating layer can be calcu-
lated by correlating the alloying degree and the intensity
ratio of T" to the background, as shown in Fig. 2.

Alloying degree data measured by the alloy sensor are
sent to the process computer for use in alloy quality
assurance and control. A comparison of the in-process
measured data with the chemical analysis data for the Fc
content is shown in Fig. 3. The measurement accuracy is
0 = 0.3 wt% in the alloying degree, which is adequate
for alloy quality control.

In total, 16 alloy scnsors (8 at Kawasaki Steel, the
other 8 at other companies) are used practically for
alloying degree control.

4 Automatic Control System for Alloying
Degree

The configuration of the alloying degree control sys-
tem is shown in Fig. 4. This system consists of a gal-
vannealing furnace presetting function, based on the
alloying model, and a fecdfoward control system to
improve the response in transition periods such as
welding point passing and strip thickness changes. The
alloying model also has a system to maintain accuracy
during process (ransitions to some extent using a lcarn-
ing function which automatically performs adaptive
corrections of the model parameters based on opera-
tional data of the galvanncaling furnace and measure-
ment results of the alloy sensor. The features of this sys-
tem are as follows.

(1) Based on precise physical model.

(2) Realizes on-line processing by high speed comput-
ing of a very large alloying model calculation.

(3) In transition periods, utilizes a feedfoward strip tem-
perature control system to tmprove response; this sys-
tem changes the strip temperaturc setting value
according to the calculation results of the influence
cocfficient between the alloying degree and strip tem-
perature.
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Fig. 4 Construction of alloy degrec control system
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value

Figure 5 shows the resuits of adopting this control
system 1o production of ultra-low carbon steel at
Mizushima Works. The deviation of alloying degree has
been improved to o = 0.5 wit%, which is about half the
value in conventional operation.
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5 Conclusion

An alloying degree control system was developed uti-
lizing an in-process atloy sensor at a continuous galva-
nizing line. As a resuit of on-line measurement, control
accuracy was improved significantly. In the future, the
authors will expand the range of applicable stcel grades
by adjusting the parameters.
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