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Development of a Fail-safe Safety Valve and Safety Control System for Boilers

by Shoken SHimizu*, Tsuyoshi Saito* and Hiroyasu IKEDA*

Abstract: Boilers with high-performance control systems recently have been manufactured for power
sources and heating and hot water supplies. These kinds of boilers have computerized control
systems that enable high efficiency and fine operation without boiler operators. However, accidents
such as explosion and destruction caused by over-pressure of boiler drums or high-pressure vessels
may happen when sensors and controllers checking temperature, pressure, water level, and flames
fail. Many explosion accidents are caused by the failure of sensors for boiler controls. In order to
solve this safety problem, failsafe flame detectors for combustion control systems were developed in
our former research project.

In this paper, steam temperature or pressure control, another important boiler control, is used for
boiler system safety because the relationship between the temperature and the pressure of steam
is unique. The following two safety elements for steam temperature control and steam overpressure
have been proposed and applied to an actual boiler experimentally.

10 A new type of thermal switch with a reed-switching mechanism driven by a thermostatic ferrite
material and two permanent magnets.

The thermostatic ferrite and permanent magnets have their own Curie temperatures, which are
the changing points of their magnetic characteristics. When the steam temperature is over the Curie
point of the thermostatic ferrite, a contact point of the reed switch element opens, and then a
combustion valve shuts off. The interlock system using this thermal switch can be separated from
the conventional temperature control system. As a result of experimental application of this switch
to the actual boiler, the safety interlock function was verified to work even if the switching
characteristics of the switch had a small off-delay.

20 A new type of safety valve constructed by a rare-earth permanent magnet with smart fluid.

Opening pressure of this safety valve can be set only by a magnetic force that makes magnetic
or Magneto-Rheological fluid seal the valve seat. As this valve uses a constant magnetic force instead
of a conventional spring force for the seal, force adjustment and leakage inspection are not necessary.
In a preparatory experiment, it was proved that the seal performance was superior in the case of
the mixture of the above two fluids. When this valve, filled with the mixed fluid, was installed in
the actual boiler, its performance was confirmed through experiments.

Keywords; Boiler, Thermal switch, Thermostatic ferrite, Reed switch, Safety valve, Smart fluid,
Magnetic seal, Failsafe, Interlock
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Photo. 1 Trial model of thermal switch.
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Fig. 1 A structure of thermal switch.
gogoboooooon

Magnet Thermostatic ferrite  Magnet
\\
®: N s

e =——,

A

Reed switch ON
(a) Under curie temperature

q31Ncp N S
(ot h

Reed switch OFF

(b) Over curie temperature

Fig. 2 Principle of reed switch action.
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Table 1 Specification of thermal switch.
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Fig. 3 Setting condition of thermal switch.
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Table 2 Experimental result of switching characteristics

functioned by thermal switch.
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Photo. 2 Trial model of magnet loaded safety valve.
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Fig. 5 Schematic structure of magnet loaded safety
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Table 3 Permanent loss factor of Nd-Fe-B magnet
after 15000 hours™.

Nd-Fe-BO OO O150000 00000000

Diameter X Thickness Permanent loss

¢ 10 mm X 12 mm —0.156 %
¢ 10 mm X7 mm —0.235 %
¢ 10 mm X3 mm —0.270 %

Table 4  Permanent loss factor of Sm:-Coi; magnet at
573 K.
573 KOOSm-Co 000 000D0O0OO
Elapsed Permanent loss (%)
time (h) A B C
1 —1.0 —14 —14
50 —1.0 —1.0 —1.0
100 —1.0 —14 —1.0
500 —1.0 —14 —14
1000 —1.0 —14 —14
Table 5  Magnetic properties of rare-earth magnets’”
gboooooooo
Residual Curie
. . Temperature
Material magnetic . temperature
. coefficient
flux density
Nd-Fe-B 143T —0.12 %/K 593 K
Sm-Cos 085T —0.05 %/K 1000 K
Sm,-Coy 1.13T —0.03 %/K 1100 K
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Fig. 6  Magnetic flux density and magnetic attraction
force as functions of gap distance.
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Table 6 Sample fluids for experiments.

gooo

Magnetic fluid
(SIGMA HI-CHEMICAL Inc., P-206)

Dispersed Mn-Zn ferrite
particles (Diameter= 10 nm)
Base liquid Poly- « -olefin
Saturation

o 20 mT
magnetization

Specific gravity | 1.06

Magneto-rheological fluid
(LORD Co., MRF-132LD)

Dispersed . =
particles Iron (Diameter=:3 1 m)
Base liquid Poly- « -olefin

Percent Iron 32 vol %, 40 vol %

MMM (Mixture of the above fluids)

MR particle : 40.0 vol %
Mn-Zn ferrite : 2.1 vol %
Poly- o -olefin  : 57.9 vol %

Mixture ratio
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Table 7
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AR NN

Experimental equipment to evaluate valve
performance under the practical use.
ooboooboooon

Components of experimental equipment.
Ooooooooooo

Z
e

Component

Magnet loaded safety valve

Steam boiler (MIURA Co.,Ltd., SU-200F)

Primary steam valve

Full bore spring loaded safety valve

Solenoid operated valve (for emergency shut-off )

Lever cock (for emergency shut-off )

Pressure transducer

K type thermocouple

Lever cock (for pressure relief )

Lever purge valve
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Experimental result obtained under the sit-
uation that the boiler is started from
completely stop condition.
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Fig. 13 Experimental result obtained under the sit-
uation that the boiler is restarted after
temporally stop.
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Table 8  Relationships between popping pressure and

valve body temperature.
gboboooooboogon

. Popping Valve body Relative
Fluid
Pressure temperature error
Dry air | 0.553 MPa 15.0 C —
Steam | 0.566 MPa 119.6 °C 2.35%
Steam | 0.534 MPa 1404 °C —3.45%
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