wo 2015/076502 A1 |1 NF 100000 O 00 A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

28 May 2015 (28.05.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/076502 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
GO1W 1/18 (2006.01) GO1K 15/00 (2006.01)
GO1W 1/02 (2006.01)

International Application Number:
PCT/KR2014/009841

International Filing Date:
20 October 2014 (20.10.2014)

Filing Language: English
Publication Language: English
Priority Data:
10-2013-0141494

20 November 2013 (20.11.2013) KR

Applicant: KOREA RESEARCH INSTITUTE OF
STANDARDS AND SCIENCE [KR/KR]; 267 Ga-
jeong-ro, Yuseong-gu, Dagjeon 305-340 (KR).

Inventors: KIM, Yong-Gyoo; 105-903, 11, Cheongsaseo-
ro, Seo-gu, Daegjeon 302-750 (KR). CHOIL Byung II;
Dormitory of KOREA RESEARCH INSTITUTE OF
STANDARDS AND SCIENCE, 267 Gajeong-ro,

(74

(8D

(84)

Yuseong-gu, Daegjeon 305-340 (KR). WOO, Sang Bong;
115-304, 57, Eoeun-ro, Yuseong-gu, Daejeon 305-755
(KR). KIM, Jong Cheol; 110-102, 57, Eoeun-ro,
Yuseong-gu, Daejeon 305-755 (KR). LEE, Sang Wook;
17-10, Jageunorat 10-gil, Boryeong-si, Chungcheong-
nam-do 355-935 (KR).

Agents: IPUS PATENT & LAW FIRM et al.; 2F, 11, Te-
heran-ro 13-gil, Gangnam-Gu, Seoul 135-080 (KR).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KZ,
LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,
MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(54) Title: INSPECTION APPARATUS FOR THERMO-HYGROMETER BASED ON PHASE CHANGE AND METHODS FOR
CONTROLLING AND INSPECTING THE SAME

|

(57) Abstract: Disclosed therein are an inspection apparatus
for a thermo-hygrometer based on phase change and meth-
ods for controlling and inspecting the same which can simul-
taneously inspect a thermometer and a hygrometer through a
simple method using a phase change of reactants. The ther-
mo-hygrometer based on phase change includes: reactants of
at least two kinds; a plurality of cylinder type cells; a reactor
body having a temperature sensor hole and a plurality of cell
holes; a tflow pipe in which a first gas circulates by a circula-
tion pump; a relative humidity chamber which has a relative
humidity sensor disposed therein; and a temperature control
unit which is mounted below the reactor body, wherein
when a phase change of a first reactant is induced, the relat-
ive humidity sensor is inspected based on the relative hu-
midity of the first gas, and the temperature sensor is inspec-
ted based on the phase change temperature of the first react-
ant.



WO 2015/076502 A1 AT 00N VT 0TSO OO

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, Published:
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



WO 2015/076502 PCT/KR2014/009841

Description

Title of Invention: INSPECTION APPARATUS FOR THERMO-
HYGROMETER BASED ON PHASE CHANGE AND METHODS

[1]

[2]

[3]

[4]

[5]

[6]

FOR CONTROLLING AND INSPECTING THE SAME
Technical Field

The present invention relates to an inspection apparatus for a thermo-hygrometer
based on phase change, and more particularly, to an inspection apparatus for a thermo-
hygrometer based on phase change and methods for controlling and inspecting the
same which can simultaneously inspect a thermometer and a hygrometer through a
simple method using a phase change of reactants.

Background Art

In an automatic weather station (AWS) which has been widely used for accurate and
rapid weather forecast, a temperature sensor and a humidity sensor are very delicate
devices which play a key role for weather observation, and must be periodically
inspected to carry out a more precision observation. In order to inspect the temperature
sensor and the humidity sensor, a temperature generator and a humidity generator
which are precise are needed.

Conventionally, in order to inspect the temperature sensor and the humidity sensor,
the temperature generator and the humidity generator must be equipped additionally,
and the temperature sensor and the humidity sensor are individually inspected using
the temperature generator and the humidity generator, and hence, such a method is in-
effective in an aspect of time and in an economic aspect and is inconvenient in
carrying out inspection.

Moreover, the humidity generator is operated by a method of mixing and using dry
air and saturated air, but has several disadvantages in that it is inaccurate to control into
a wanted relative humidity and in that it is bulky and expensive because it needs a
reference humidity measuring system, and hence, it has a limitation in width of uti-
lization.

Therefore, development of an apparatus for inspecting a thermo-hygrometer which
can easily and conveniently inspect the temperature sensor and the humidity sensor
using an inexpensive and small-sized apparatus for generating temperature and
humidity is required.

Disclosure of Invention

Technical Problem

Accordingly, the present invention has been made in an effort to solve the above-
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mentioned problems occurring in the prior arts, and it is an object of the present
invention to provide an inspection apparatus for a thermo-hygrometer based on phase
change and methods for controlling and inspecting the same which can simultaneously
inspect a thermometer and a hygrometer through a simple method using a phase

change of reactants.
In detail, it is an object of the present invention to provide an inspection apparatus for

a thermo-hygrometer based on phase change which can generate wanted temperature
and relative humidity using a phase change of reactants of at least two kinds which are
different in phase change temperature from each other, thereby simultaneously in-
specting a temperature sensor and a humidity sensor.

Moreover, it is another object of the present invention to provide an inspection
apparatus for a thermo-hygrometer based on phase change which is formed to insert
reactants into a reactor body in the form of a round magazine of a pistol so as to easily
replace reactants and effectively inspect the temperature sensor and the humidity
Sensor.

Furthermore, it is a further object of the present invention to provide an inspection
apparatus for a thermo-hygrometer based on phase change which can generate correct
temperature and relative humidity, is easy to be carried because it can be manufactured
in a small size without needing a reference humidity measuring system, and can be
manufactured at low costs.

In the meantime, technical objects to be achieved by the present invention are not re-
stricted to the above-mentioned technical objects, and other objects of the present
invention which are not mentioned above will be apparent from the following detailed
description of the preferred embodiments of the invention in conjunction with the ac-
companying drawings.

Solution to Problem

To achieve the above objects, the present invention provides an inspection apparatus
for a thermo-hygrometer based on phase change comprising: reactants of at least two
kinds which are different in phase change temperature from each other; a plurality of
cylinder type cells each of which has a hollow inside containing the reactant of one
kind out of the reactants; a reactor body having a temperature sensor hole which is
formed in the middle part thereof to a predetermined depth and to which a temperature
sensor is inserted, and a plurality of cell holes which are circumferentially formed
around the temperature sensor hole to a predetermined depth in a direction parallel
with the temperature sensor hole and to which the cylinder type cells are respectively
inserted; a flow pipe which has a first part formed to surround the outer circumferential

surface of the reactor body and in which a first gas circulates by a circulation pump; a
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relative humidity chamber which has a relative humidity sensor disposed therein and
which is connected with the flow pipe to receive the first gas; and a temperature
control unit which is mounted below the reactor body, wherein when the temperature
control unit controls temperature of the reactor body to induce a phase change of the
first reactant which is at least one kind of the reactants, the reactor body maintains a
predetermined temperature range by latent heat generated by the phase change of the
first reactant, relative humidity of the first gas circulated by the circulation pump
becomes in a saturated state by temperature of the reactor body while the first gas
circulates the first part, the saturated first gas is supplied to the relative humidity
chamber, the relative humidity sensor measures relative humidity of the first gas
supplied to the relative humidity chamber, the relative humidity sensor is inspected
based on the measured relative humidity of the first gas, and the temperature sensor is
inspected based on the phase change temperature of the first reactant.
Advantageous Effects of Invention

The present invention has been made in an effort to solve the above-mentioned
problems occurring in the prior arts, and can provide an inspection apparatus for a
thermo-hygrometer based on phase change and methods for controlling and inspecting
the same which can simultaneously inspect a thermometer and a hygrometer through a
simple method using a phase change of reactants.

In detail, the present invention can provide an inspection apparatus for a thermo-
hygrometer based on phase change which can generate wanted temperature and
relative humidity using the phase change of reactants of at least two kinds which are
different in phase change temperature from each other, thereby simultaneously in-
specting a temperature sensor and a humidity sensor.

Moreover, the present invention can provide an inspection apparatus for a thermo-
hygrometer based on phase change which is formed to insert reactants into a reactor
body in the form of a round magazine of a pistol so as to easily replace reactants and
effectively inspect the temperature sensor and the humidity sensor.

Furthermore, the present invention can provide an inspection apparatus for a thermo-
hygrometer based on phase change which can generate correct temperature and relative
humidity, is easy to be carried because it can be manufactured in a small size without
needing a reference humidity measuring system, and can be manufactured at low costs.

In the meantime, effects which can be obtained by the present invention are not re-
stricted to the above-mentioned effects, and other effects of the present invention
which are not mentioned above will be apparent from the following detailed de-
scription of the preferred embodiments of the invention in conjunction with the ac-

companying drawings.
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Brief Description of Drawings

The following drawings attached to this specification of the present invention just il-
lustrate a preferred embodiment of the present invention and serve to make those
skilled in the art understand the technical idea of the present invention further, and
hence, the present invention shall not be limited to the matters illustrated and described
in the drawings.

FIG. 1 is a perspective view of an inspection apparatus for a thermo-hygrometer
based on phase change according to a preferred embodiment of the present invention.

FIG. 2 is a sectional view of the inspection apparatus for the thermo-hygrometer
based on phase change according to the preferred embodiment of the present invention.

FIG. 3 is a view showing a structure of a reactor body which can be applied to the in-
spection apparatus for the thermo-hygrometer based on phase change.

FIGS. 4 and 5 are schematic diagrams showing an example of arrangement of
reactants which are applicable to the present invention.

FIG. 6 is a view showing a structure of the inspection apparatus for the thermo-
hygrometer based on phase change which can be applied to the present invention.

FIG. 7 is a flow chart related with an example of an operation of the inspection
apparatus for the thermo-hygrometer based on phase change.

FIG. 8 is a flow chart related with an example of a method for inspecting a tem-
perature sensor and a relative humidity sensor using the inspection apparatus for the

thermo-hygrometer based on phase change.

Best Mode for Carrying out the Invention

The inspection apparatus 1 for the thermo-hygrometer based on phase change to be
applicable to the present invention includes a cylinder type cell 15, a reactor body 20, a
flow pipe 20, a circulation pump 21, a relative humidity chamber 30, and a temperature
control unit 40.

The reactor body 20 may be formed in a cylindrical shape, may be manufactured of
copper or aluminum which is high in thermal conductivity.

A temperature sensor hole 13 is formed at the middle part of the upper face of the
reactor body 20 to a depth that the temperature sensor can be inserted long, and a
plurality of cell holes 11 are formed around the temperature sensor hole 13 to a depth
that cylinder type cells 15 can be inserted. The cell holes 11 are formed in the cir-
cumference around the temperature sensor hole 13 like the form of a round magazine
of a pistol, and are spaced apart from the temperature sensor hole 13 at a prede-
termined interval. Additionally, the cell holes 11 may be formed to be spaced apart
from each other at regular intervals.

The temperature sensor 3 to be inspected by the present invention is inserted into the



WO 2015/076502 PCT/KR2014/009841

[29]

[30]

[31]

[32]

[33]

[34]

temperature sensor hole 13 of the reactor body 20, and the temperature sensor 3 may
be detached from the temperature sensor hole 13 of the reactor body 20. Moreover, the
cylinder type cells 15 are respectively inserted into the cell holes 11 of the reactor body
20, and may be detached from the cell holes 11 of the reactor body 20, such that

reactants 5 contained in the cylinder type cells 15 may be easily replaced.
Each of the cylinder type cells 15 is formed hollow, and the reactants 5 are contained

in the cylinder type cells 15. The reactants 5 which are necessary for the present
invention are at least two kinds which are different in phase change temperature from
each other. Furthermore, it is preferable that the reactants 5 be materials which can
cause a phase change between a liquid and a solid below room temperature because the
reactants 5 have a freezing point below room temperature.

Air or gases, such as argon (Ar) or nitrogen (N2) may flow inside the flow pipe 20.
Such a flow of the gases is achieved by operation of the circulation pump 21 mounted
in the flow pipe 20. A part of the flow pipe 20 is formed to surround the outer circum-
ferential surface of the reactor body 10. It is preferable that the flow pipe 20 surround
the outer circumferential surface of the reactor body 10 in a spiral form to make heat
exchange smooth by increasing a contact area between the reactor body 10 and the
flow pipe 20.

The flow pipe 20 is connected with the relative humidity chamber 30, and hence,
some of gases flowing by operation of the circulation pump 21 may be supplied into
the relative humidity chamber 30. A relative humidity sensor to be inspected by the
present invention is disposed inside the relative humidity chamber 30, such that the
relative humidity sensor can be inspected using the gases supplied into the relative
humidity chamber 30.

The temperature control unit 40 may be mounted below the reactor body 10, and
includes a Peltier module 41, a heat radiation fin 42 and a fan 43. The Peltier module
41 generates or absorbs heat to cool or heat the reactor body 10, and the heat radiation
fin 42 emits heat generated in the Peltier module 41 to the outside. The fan 43 serves to
cool excessive heat when excessive heat is generated by the Peltier module 41.

An insulation material 50 is formed to cover the outside of the reactor body 10 in
order to prevent influences by external temperature, for instance, heat is emitted to the
outside or outside heat is absorbed.

Mode for the Invention

Reference will be now made in detail to the preferred embodiment of the present
invention with reference to the attached drawings. Moreover, an embodiment described
in the following does not unduly limit the contents of the present invention described

in claims, and it should be understood that the entire structure described in the
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following embodiment is not essential as a method of solution of the present invention.

Conventionally, in order to inspect a temperature sensor and a humidity sensor, a
temperature generator and a humidity generator must be equipped additionally, but it is
disadvantageous in aspects of costs and efficiency and is complicated in inspection
process and is not easy to be operated. Furthermore, because a reference humidity
measuring system for inspecting the humidity sensor is needed to inspect the humidity
sensor, it has a disadvantage in that it is bulky and is difficult to be carried.

The present invention is to propose an inspection apparatus for thermo-hygrometer
which is small-sized and effective and is convenient in operation because it can simul-
taneously inspect the temperature sensor and the humidity sensor using a phase

change.

<Structure of thermo-hygrometer inspection apparatus>

Hereinafter, referring to FIGS. 1 to 5, a structure of the inspection apparatus for a
thermo-hygrometer based on phase change to be proposed by the present invention will
be described in detail.

FIG. 1 is a perspective view of an inspection apparatus for a thermo-hygrometer
based on phase change according to a preferred embodiment of the present invention,
FIG. 2 is a sectional view of the inspection apparatus for the thermo-hygrometer based
on phase change according to the preferred embodiment of the present invention, and
FIG. 3 is a view showing a structure of a reactor body which can be applied to the in-
spection apparatus for the thermo-hygrometer based on phase change.

Referring to FIGS. 1 to 3, the inspection apparatus 1 for the thermo-hygrometer
based on phase change to be applicable to the present invention includes a cylinder
type cell 15, a reactor body 20, a flow pipe 20, a circulation pump 21, a relative
humidity chamber 30, and a temperature control unit 40. The components illustrated in
FIGS. 1 to 3 are not essential, and the inspection apparatus 1 for the thermo-hy-
grometer based on phase change may have a smaller number of the components or a
larger number of the components.

As shown in FIGS. 1 to 3, the reactor body 20 may be formed in a cylindrical shape,
may be manufactured of copper or aluminum which is high in thermal conductivity,
and may be a mesh type aluminum block which has lots of pores. A thermal fluid
which has high thermal conductivity is inserted into the reactor body to make heat
transfer smooth.

A temperature sensor hole 13 is formed at the middle part of the upper face of the
reactor body 20 to a depth that the temperature sensor can be inserted long, and a
plurality of cell holes 11 are formed around the temperature sensor hole 13 to a depth

that cylinder type cells 15 can be inserted. The cell holes 11 are formed in the cir-
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cumference around the temperature sensor hole 13 like the form of a round magazine
of a pistol, and are spaced apart from the temperature sensor hole 13 at a prede-
termined interval. Additionally, the cell holes 11 may be formed to be spaced apart
from each other at regular intervals.

The temperature sensor 3 to be inspected by the present invention is inserted into the
temperature sensor hole 13 of the reactor body 20, and the temperature sensor 3 may
be detached from the temperature sensor hole 13 of the reactor body 20. Moreover, the
cylinder type cells 15 are respectively inserted into the cell holes 11 of the reactor body
20, and may be detached from the cell holes 11 of the reactor body 20, such that
reactants 5 contained in the cylinder type cells 15 may be easily replaced.

Each of the cylinder type cells 15 is formed hollow, and the reactants 5 are contained
in the cylinder type cells 15. The reactants 5 which are necessary for the present
invention are at least two kinds which are different in phase change temperature from
each other. Furthermore, it is preferable that the reactants 5 be materials which can
cause a phase change between a liquid and a solid below room temperature because the
reactants 5 have a freezing point below room temperature. As an example, such
reactants 5 may be ethylene glycol with the melting point of about -13°C, acetonyl
acetone with the melting point of about -6°C or 3,5-dimethylaniline with the melting
point of about 9.8°C. If such reactants 5 are used, relative humidity of less than 100%
at room temperature of about 25°C can be reproduced.

As shown in FIG. 3, the cylinder type cells 15 are formed in a long bar shape in the
longitudinal direction and can be opened and closed by a lid or a stopper, and can seal
the reactants 5 contained inside the cylinder type cells 15.

Air or gases, such as argon (Ar) or nitrogen (N2) may flow inside the flow pipe 20.
Such a flow of the gases is achieved by operation of the circulation pump 21 mounted
in the flow pipe 20. A part of the flow pipe 20 is formed to surround the outer circum-
ferential surface of the reactor body 10. It is preferable that the flow pipe 20 surround
the outer circumferential surface of the reactor body 10 in a spiral form to make heat
exchange smooth by increasing a contact area between the reactor body 10 and the
flow pipe 20.

The flow pipe 20 is connected with the relative humidity chamber 30, and hence,
some of gases flowing by operation of the circulation pump 21 may be supplied into
the relative humidity chamber 30. A relative humidity sensor to be inspected by the
present invention is disposed inside the relative humidity chamber 30, such that the
relative humidity sensor can be inspected using the gases supplied into the relative
humidity chamber 30.

As shown in FIG. 2, the temperature control unit 40 may be mounted below the

reactor body 10, and includes a Peltier module 41, a heat radiation fin 42 and a fan 43.
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The Peltier module 41 generates or absorbs heat to cool or heat the reactor body 10,
and the heat radiation fin 42 emits heat generated in the Peltier module 41 to the
outside. The fan 43 serves to cool excessive heat when excessive heat is generated by
the Peltier module 41.

An insulation material 50 is formed to cover the outside of the reactor body 10 in
order to prevent influences by external temperature, for instance, heat is emitted to the
outside or outside heat is absorbed.

In the meantime, referring to FIGS. 4 and 5, a preferred embodiment of a method for
arranging kinds of the reactants contained in the cylinder type cell will be described.
FIGS. 4 and 5 are schematic diagrams showing an example of arrangement of reactants
which are applicable to the present invention.

It is preferable that six cell holes 11 be formed in the reactor body 10. If the number
of the cell holes 11 is increased, a separation distance between the cell holes 11
becomes shortened, and it may have an influence on temperature change. The six cell
holes 11 are respectively inserted into the six cylinder type cells 15.

As shown in FIG. 4, the two kinds of the reactants 5a and 5b which are different in
phase change temperature from each other are contained in the cylinder type cells 15.
In order to reduce a temperature influence due to the phase change, the reactants of the
same kind are not arranged to adjoin. That is, the six cylinder type cells 15 are re-
spectively inserted into the cell holes 11 in such a manner that one reactant Sa is
located next to another reactant 5b of the different kind. The phase temperature change
at two points can be inspected using the arrangement of the reactants as shown in FIG.
4.

As shown in FIG. 5, the reactants 5a, 5b and 5c of three kinds which are different in
phase change temperature may be contained inside the six cylinder type cells 15. In the
same way, in order to reduce the temperature influence due to the phase change, the
reactants 5a, 5b and Sc are not arranged in such a way that the reactants of the same
kind adjoin. That is, the six cylinder type cells 15 are respectively inserted into the cell
holes 11 in such a manner that one reactant Sa is located next to the reactants S5b or 5S¢
of the different kind and the reactants of the same kind are located in the diagonal
direction. The phase temperature change at three points can be inspected using the ar-

rangement of the reactants as shown in FIG. 5.

<Operation of thermo-hygrometer inspection apparatus>

Hereinafter, referring to FIGS. 6 and 7, an operation of the inspection apparatus for
the thermo-hygrometer based on phase change to be proposed by the present invention
will be described in detail. FIG. 6 is a view showing a structure of the inspection

apparatus for the thermo-hygrometer based on phase change which can be applied to
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the present invention, and FIG. 7 is a flow chart related with an example of an
operation of the inspection apparatus for the thermo-hygrometer based on phase
change.

As shown in FIG. 6, a dual temperature indicator 45 and a temperature control switch
47 are formed on a housing 2 which surrounds the outside of the inspection apparatus 1
for the thermo-hygrometer based on phase change according to the preferred em-
bodiment of the present invention.

The dual temperature indicator 45 is connected with the reactor body 10 and the
relative humidity chamber 30, and indicates temperature of the reactor body 10 at a
channel 1 and indicates temperature of the relative humidity chamber 30 at a channel
2. The temperature control switch 47 is connected with the temperature control unit 40
which is mounted below the reactor body 10 and controls the Peltier module 41 to
generate or absorb heat in order to control temperature of the reactor body 10.

Referring to FIG. 7, the operation process of the inspection apparatus 1 for the
thermo-hygrometer based on phase change will be described. First, a user can control
temperature of the reactor body 10 by properly regulating the temperature control
switch 47 (S10).

Continuously, because the reactants 5 contained inside the cylinder type cells 15 are
different in phase change temperature from each other, when temperature of the reactor
body 10 is changed, it induces a phase change of the reactant of one kind out of the
reactants 5 contained inside the cylinder type cells 15 (S11). Latent heat is generated
by the phase change of the reactant, and it keeps temperature of the reactor body 10 at
a predetermined temperature (S12).

Next, a first gas circulates the flow pipe 20 by the circulation pump 21 (S13). The
flow pipe 20 is formed in a spiral form to surround the reactor body 10 so as to make
heat exchange between the reactor body 10 and the flow pipe 20 smooth. The first gas
is increased in relative humidity by temperature of the reactor body 10 while flowing
in the flow pipe 20 in the spiral form. When the circulation of the first gas by the cir-
culation pump 21 is repeated, relative humidity of the first gas becomes in a saturated
state (S14).

Continuously, the saturated first gas is supplied to the relative humidity chamber 30
in which the relative humidity sensor is mounted, and the first gas is continuously
circulated by the circulation pump 21 till the relative humidity of the first gas supplied
to the relative humidity chamber 30 is stabilized because temperature of the relative
humidity chamber 30 is different from temperature of the reactor body 10 (S15).
Through the above process, the relative humidity sensor measures relative humidity of
the first gas supplied to the relative humidity chamber 30 in order to inspect whether or

not the relative humidity sensor is operated correctly.
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<Inspection method using inspection apparatus 1 for the thermo-hygrometer based on
phase change>

Hereinafter, referring to FIG. 8, an inspection method using the inspection apparatus
for the thermo-hygrometer based on phase change will be described. FIG. § is a flow
chart related with an example of a method for inspecting the temperature sensor and
the relative humidity sensor using the inspection apparatus for the thermo-hygrometer
based on phase change.

Here, FIG. 8 is an embodiment to inspect the temperature sensor and the relative
humidity sensor using the inspection apparatus in which first and second reactants of
two kinds which are different in phase change temperature are accommodated in the
cylinder type cells 15. It is assumed that the melting point of the first reactant is a first
temperature and the melting point of the second reactant is a second temperature, and
the first temperature is lower than the second temperature. Moreover, the six cylinder
type cells 15 are respectively inserted into the cell holes 11 of the reactor body 10, and
arrangement of the reactants may be formed as shown in FIG. 4.

First, in a cooling step, the user regulates the temperature control switch 47 to control
the temperature control unit 40, and the temperature control unit 40 controls tem-
perature of the reactor body 10 to be lower than the first temperature. Therefore, the
first reactant and the second reactant inside the cylinder type cells 15 are all coagulated
(520).

Continuously, in a first melting step, the user regulates the temperature control
switch 47 to control the temperature control unit 40, and thereby, temperature of the
reactor body 10 becomes higher than the first temperature but lower than the second
temperature. Therefore, the first reactant is coagulated (S21).

Latent heat is generated according to the melting of the first reactant so as to
maintain temperature of the reactor body 10 at the predetermined temperature. The
first gas circulating in the flow pipe 20 by the circulation pump 21 is increased in
relative humidity by temperature of the reactor body 10 while spirally flowing in a part
of the flow pipe 20 which surrounds the outer circumferential surface of the reactor
body 10, and the relative humidity of the first gas becomes in a saturated state while
circulation of the first gas by the circulation pump 21 is repeated. The saturated first
gas is supplied to the relative humidity chamber 30, and the circulation by the cir-
culation pump 21 is continued till the relative humidity of the first gas supplied to the
relative humidity chamber 30 is stabilized.

Next, in a first inspection step, the relative humidity sensor disposed inside the
relative humidity chamber 30 measures the relative humidity of the supplied first gas,

and inspects the relative humidity sensor based on a measured value. Additionally, the
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temperature sensor is inspected based on the first temperature which is the phase
change temperature of the first reactant (522).

Continuously, in a second melting step, the user regulates the temperature control
switch 47 to control the temperature control unit 40, and thereby, temperature of the
reactor body 10 is set to be higher than the second temperature. Therefore, the second
reactant is melted (S23).

In like manner, latent heat is generated according to the melting of the second
reactant so as to maintain temperature of the reactor body 10 at the predetermined tem-
perature. The first gas circulating in the flow pipe 20 by the circulation pump 21 is
increased in relative humidity by temperature of the reactor body 10 while spirally
flowing in a part of the flow pipe 20 which surrounds the outer circumferential surface
of the reactor body 10, and the relative humidity of the first gas becomes in a saturated
state while circulation of the first gas by the circulation pump 21 is repeated. The
saturated first gas is supplied to the relative humidity chamber 30, and the circulation
by the circulation pump 21 is continued till the relative humidity of the first gas
supplied to the relative humidity chamber 30 is stabilized.

Next, in a second inspection step, the relative humidity sensor disposed inside the
relative humidity chamber 30 measures the relative humidity of the supplied first gas,
and inspects the relative humidity sensor based on a measured value. Additionally, the
temperature sensor is inspected based on the second temperature which is the phase
change temperature of the second reactant. When the first and second reactants are all
melted and the second inspection step is finished, inspection of the relative humidity
sensor is finished (S24).

Continuously, in a heating step, the user regulates the temperature control switch 47
to control the temperature control unit 40, and thereby, temperature of the reactor body
10 is set to the third temperature which is higher than the second temperature. Here,
the third temperature may be in a range of 10°C to 50°C (S25).

Next, in a third inspection step, the temperature sensor 3 is inspected based on tem-
perature of the reactor body 10. Accordingly, inspection of the temperature sensor 3 is
also finished (S26).

According to the inspection apparatus for the thermo-hygrometer based on phase
change, the temperature sensor and the relative humidity sensor can be inspected si-
multaneously, the phase changing materials can be easily replaced by the structure of
the cylinder type cells, the reference humidity measuring system is not needed, and the
inspection apparatus for the thermo-hygrometer based on phase change is easy to be
carried because it is small-sized, can be manufactured at low costs and is easy in
operation.

In the meantime, the inspection apparatus for the thermo-hygrometer based on phase
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change can be realized as a readable code in a recording medium that a computer can
read. The recording medium that the computer can read includes all kinds of recording
devices which store data readable by a computer system. For instance, there are ROMs,
RAMs, CD-ROMs, magnetic tapes, floppy discs, and optical data storage devices. Al-
ternatively, the recording medium may be realized in the form of a carrier wave, for
instance, transfer through the Internet. Moreover, the readable recording medium may
store and execute readable cords which are dispersed to computer systems connected
through a network and are readable in a spilt-phase form. Additionally, functional
programs, cords and cord segments which can realize the present invention can be
easily deduced by programmers in this technical field.

While the preferred embodiments of the apparatus and method according to the
present invention are shown by way of example in the drawings, it will be understood
by those skilled in the art that there is no intent to limit the preferred embodiments of
the apparatus and method to the particular forms disclosed and that some or all of the
embodiments of the present invention can be selectively combined to achieve various

changes of the present invention.
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Claims

An inspection apparatus for a thermo-hygrometer based on phase
change comprising:

reactants of at least two kinds which are different in phase change tem-
perature from each other;

a plurality of cylinder type cells each of which has a hollow inside
containing the reactant of one kind out of the reactants;

a reactor body having a temperature sensor hole which is formed in the
middle part thereof to a predetermined depth and to which a tem-
perature sensor is inserted, and a plurality of cell holes which are cir-
cumferentially formed around the temperature sensor hole to a prede-
termined depth in a direction parallel with the temperature sensor hole
and to which the cylinder type cells are respectively inserted;

a flow pipe which has a first part formed to surround the outer circum-
ferential surface of the reactor body and in which a first gas circulates
by a circulation pump;

a relative humidity chamber which has a relative humidity sensor
disposed therein and which is connected with the flow pipe to receive
the first gas; and

a temperature control unit which is mounted below the reactor body,
wherein when the temperature control unit controls temperature of the
reactor body to induce a phase change of a first reactant which is at
least one kind of the reactants, the reactor body maintains a prede-
termined temperature range by latent heat generated by the phase
change of the first reactant, relative humidity of the first gas circulated
by the circulation pump becomes in a saturated state by temperature of
the reactor body while the first gas circulates the first part, the saturated
first gas is supplied to the relative humidity chamber, the relative
humidity sensor measures relative humidity of the first gas supplied to
the relative humidity chamber, the relative humidity sensor is inspected
based on the measured relative humidity of the first gas, and the tem-
perature sensor is inspected based on the phase change temperature of
the first reactant.

The inspection apparatus for a thermo-hygrometer according to claim
1, wherein the cell holes are circumferentially spaced apart from each
other around the temperature sensor hole at a predetermined interval.

The inspection apparatus for a thermo-hygrometer according to claim
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2, wherein the reactant contained in the cylinder cell which is inserted
into a first cell hole which is one selected from the cell holes is
different in kind from the reactant contained in the cylinder cell which
is inserted into a second cell hole adjacent to the first cell hole.

The inspection apparatus for a thermo-hygrometer according to claim
1, wherein each of the cylinder type cells is detachable from the reactor
body.

The inspection apparatus for a thermo-hygrometer according to claim
1, wherein the first part of the flow pipe is formed to spirally surround
the outer circumferential surface of the reactor body.

The inspection apparatus for a thermo-hygrometer according to claim
1, further comprising:

an insulating material which surrounds at least a part of the outer cir-
cumference of the reactor body.

The inspection apparatus for a thermo-hygrometer according to claim
1, wherein the temperature control unit comprises:

a Peltier module which generates or absorbs heat;

a heat radiation fin which emits some of the generated heat to outside;
and

a fan which cools the generated heat.

The inspection apparatus for a thermo-hygrometer according to claim
1, wherein the reactor body is made of a thermal interface material.
The inspection apparatus for a thermo-hygrometer according to claim
1, wherein the number of the cell holes is six.

A method for controlling a thermo-hygrometer using a thermo-hy-
grometer inspection apparatus based on phase change which includes:
reactants of at least two kinds which are different in phase change tem-
perature from each other; a plurality of cylinder type cells each of
which contains the reactant of one kind out of the reactants therein; a
reactor body having a temperature sensor hole to which a temperature
sensor is inserted and a plurality of cell holes to which a plurality of
cylinder type cells are respectively inserted; a flow pipe which has a
first part formed to surround the outer circumferential surface of the
reactor body; a relative humidity chamber which has a relative
humidity sensor disposed therein; and a temperature control unit, the
method for controlling the thermo-hygrometer comprising the steps of:
controlling temperature of the reactor body by the temperature control

unit;
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inducing a phase change of a first reactant which is at least one kind of
the reactants;

maintaining the reactor body at a predetermined temperature range by
latent heat generated by the phase change of the first reactant;
circulating the first gas along the inside of the flow pipe;

making relative humidity of the first gas be in a saturated state while
the first gas circulates the first part; and

supplying the saturated first gas to the relative humidity chamber.

A method for inspecting a thermo-hygrometer using a thermo-hy-
grometer inspection apparatus based on phase change which includes: a
first reactant of which melting point temperature is a first temperature;
a second reactant of which melting point temperature is a second tem-
perature; a plurality of cylinder type cells each of which contains the
first reactant or the second reactant therein; a reactor body having a
temperature sensor hole to which a temperature sensor is inserted and a
plurality of cell holes to which a plurality of cylinder type cells are re-
spectively inserted; a flow pipe which has a first part formed to
surround the outer circumferential surface of the reactor body; a
relative humidity chamber which has a relative humidity sensor
disposed therein; and a temperature control unit, the method for in-
specting the thermo-hygrometer comprising:

a cooling step of controlling temperature of the reactor body to be
lower than the first temperature using the temperature control unit in
order to coagulate the first reactant and the second reactant;

a first melting step of controlling temperature of the reactor body to be
higher than the first temperature and to be lower than the second tem-
perature using the temperature control unit in order to coagulate the
first reactant;

a step of maintaining the reactor body at a fourth temperature by latent
heat generated by melting of the first reactant;

a step of making the relative humidity of the first gas which circulates
in the flow pipe be in a saturated state by the fourth temperature of the
reactor body while the first gas circulates the first part;

a first supplying step of supplying the saturated first gas to the relative
humidity chamber;

a first measuring step that the relative humidity sensor measures the
relative humidity of the first gas supplied to the relative humidity
chamber in the first supplying step;
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a first inspection step of inspecting the relative humidity sensor based
on the relative humidity of the first gas measured in the first measuring
step and inspecting the temperature sensor based on the phase change
temperature of the first reactant;

a second melting step of controlling temperature of the reactor body to
be higher than the second temperature using the temperature control
unit in order to melt the second reactant;

a step of maintaining the reactor body at a fifth temperature by latent
heat generated by melting of the second reactant;

a step of making the relative humidity of the first gas which circulates
in the flow pipe be in a saturated state by the fifth temperature of the
reactor body while the first gas circulates the first part;

a second supplying step of supplying the saturated first gas to the
relative humidity chamber;

a second measuring step that the relative humidity sensor measures the
relative humidity of the first gas supplied to the relative humidity
chamber in the second supplying step; and

a second inspection step of inspecting the relative humidity sensor
based on the relative humidity of the first gas measured in the second
measuring step and inspecting the temperature sensor based on the
phase change temperature of the second reactant,

wherein the first temperature is lower than the second temperature and
the second temperature is lower than the third temperature.

The method for inspecting the thermo-hygrometer according to claim
11, further comprising:

a heating step of controlling temperature of the reactor body to be
higher than the preset third temperature using the temperature control
unit; and

a third inspection step of inspecting the temperature sensor based on the
temperature of the reactor body,

wherein the third temperature is higher than the second temperature.
The method for inspecting the thermo-hygrometer according to claim
11, wherein the cell holes are circumferentially spaced apart from each
other around the temperature sensor hole at a predetermined interval.
The method for inspecting the thermo-hygrometer according to claim
13, wherein the reactant contained in the cylinder cell which is inserted
into a first cell hole which is one selected from the cell holes is

different in kind from the reactant contained in the cylinder cell which
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is inserted into a second cell hole adjacent to the first cell hole.

A recording medium in which a program of commands executable by a
digital processing device is visibly realized and which is readable by
the digital processing device in order to carry out a method for con-
trolling a thermo-hygrometer using a thermo-hygrometer inspection
apparatus based on phase change which includes: reactants of at least
two kinds which are different in phase change temperature from each
other; a plurality of cylinder type cells each of which contains the
reactant of one kind out of the reactants therein; a reactor body having a
temperature sensor hole to which a temperature sensor is inserted and a
plurality of cell holes to which a plurality of cylinder type cells are re-
spectively inserted; a flow pipe which has a first part formed to
surround the outer circumferential surface of the reactor body; a
relative humidity chamber which has a relative humidity sensor
disposed therein; and a temperature control unit, the method for con-
trolling the thermo-hygrometer comprising the steps of:

controlling temperature of the reactor body by the temperature control
unit;

inducing a phase change of the first reactant which is at least one kind
of the reactants;

maintaining the reactor body at a predetermined temperature range by
latent heat generated by the phase change of the first reactant;
circulating the first gas along the inside of the flow pipe;

making relative humidity of the first gas be in a saturated state while
the first gas circulates the first part; and

supplying the saturated first gas to the relative humidity chamber.
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