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M-Sequence Modulated Microwave Level Meter and Its Application

Akio Nacavmune, Kouichi Tezuka, Mitsutake Sato, Yasushi Kanepa and Ichirou Kixucu

Synopsis

: A high-resolution version of the M-sequence modulated microwave level meter has been developed. This level meter

consists of a continuous wave radar where the carrier is modulated by the M-sequence (Maximal-length-sequence).
Employing two M-seq. which are the same in code but generated by the slightly different clock frequencies, the
implementation of the cross-correlation between the received and the reference signals can be simple, and high
sensitivity and accuracy can be obtained. Moreover, using high resolution M-sequence which is a three-valued random
signal in stead of the conventional two-valued M-sequence, a high resolution in tearms of range is obtained and it
becomes easy to distinguish the desired signal and unwanted signals which may be receiving and transmitting anntena

leakage or reflection from walls nearby.

Due to the improvement of resolution of the level meter, its application has been widely ranged for iron and steel
making process. Covering a level measurement of the molten iron in a moving ladle, a molten steel level meter in a
tundish of the Horizontal Continuous Casting (HCC), and foamed slag level measurement in a converter, the effective-

ness of the sophisticated level meter is confirmed.
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Fig. 1. Block diagram of the M-sequence modulated microwave level meter.
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V 1 50mV,/ div.
(b) High-resolution M-seq.

H 200 zs/div.
(a)Original M-seq.

Photo. 2. Auto-correlation of high-resolution M-
seq. is twice as sharp as that of the origi-
nal M-seq., although its amplitude is half
of the original one.
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Fig. 3. Repeatability of ranging is improved by
employing the high-resolution M-seq.

Table 1. Specifications of the M-sequence modu-

lated microwave level meter for molten aF
metal.
Carrier frequency 10 GHz PR
Output power 40mW E 3r-
[
M-seq. length 127 bit e
(high resolution type) g
Clock frequencies £1=220.000 MHz a 2r
/2=220.005 MHz ?
o]
Responce ls §
Antennas Gain=17dB = Ir

Directivity +11°

Size 90W X 240L X 300H mm
Air cooled 0 | | | |
Vertical type 0 1 2 3 4

Distance (m)

Fig. 4. Accuracy of the high-resolution version of
the level meter is 13mm (2¢) for the range of
0.4m~4.0m.
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Signal Processing .
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Fig. 5. Level measurement of molten iron in moving
ladles is carried out by the level meter.
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Fig. 6. The measured level signal shows the ladle
cover, the ladle edge and molten iron. From
this measured pattern, the level of molten
irc?n is automatically recognized and detect-
ed.
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Fig. 7. Horizontal Continuous Casting (HCC) needs
to have a level meter to control the amount
of molten steel in the tundish.
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Fig. 8. The level of the molten steel in the tundish is
measured by the level meter.



Table 2. Specifications of the M-sequence modu-
lated microwave level meter for slag in
the converter.

Carrier frequency 12.8 GHz
Output power 40mW
M-seq. length 1023 bit

(high resolution type)

£=220.000 MHz
£:=220.010 MHz

Clock frequencies

Responce 15s
Antennas Gain=17dB
Directivity +11°
Size 250 ¢ X 4000mm
Water cooled
Horizontal type
L.ance
\F Antenna
Hood Radar
\ﬂ k _74 unit
FL+6700 :

Slag Singnal
processing
Molten unit
metal
Converter

FL+2800

Fig. 9. Slag level in a converter is one of the impor-
tant information for its operation. A hori-
zontal water-cooled antenna is employed for
the measurement.
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Fig. 10. A trend of slag level in a converter for one
charge is measured by the level meter.
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