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ABSTRACT

In this study, the problem is analyzed, and methods of improvement are presented. For evaluating the performance
of the proposed EGT sensor, a complex environment test equipment has been developed to test both high temperature
and vibration conditions at the same time. This equipment evaluates the accuracy and response time of the EGT
sensor. In the results of the comparison test of the complex environment test equipment of heat and vibration, the
existing sensor showed a carbonization problem, and the proposed sensor showed no problem. Therefore, it is expected
that the improved EGT sensor will be able to be applied to various industrial fields, including gas turbines for power
generation.

A=
Durability, EGT (Exhaust Gas Temperature) Sensor, Gas turbine sensor, Thermocouple (TC)
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| . Introduction be summed up by the nuclear phase-out, the
reduction of coal-fired power generation, and the
The major issue of the latest energy policy can  expansion of renewable energy. In considering each
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Fig. 1 Sensors used in a gas turbine in electric power plants

of the three objectives, it is clear that they are in
line with the global trend of transitioning to
sustainable energy sources and reducing greenhouse
gas emissions. However, the problem is that these
goals are not only very difficult to achieve at the
same time but can sometimes be at odds with each
other. Natural gas is highlighted as a realistic
alternative to this energy source[1-3].

To ensure the safety of gas turbine power
hundreds of different
installed inside the gas turbine as shown in Fig. 1,

generation, sensors — are
and these sensors require high reliability in the
severe conditions of temperature, pressure, and
vibration. Among these conditions, the temperature
is used as an input to the controller of the gas
turbine in order to control the amount of fuel
according to the volume of incoming air to the
combustion chamber. Excessive fuel volume reduces
the efficiency of power generation because the
temperature of the combustion chamber exceeds the
design range, resulting in damages of blades or
incomplete  combustion, and increases  the
concentration of greenhouse gases[4].

Temperature measurement sensors are divided
into contact and non-contact types according to
their contact methods. Contact type sensors include

thermocouples, resistance thermometers, thermistors,
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semiconductor thermometers, and glass
thermometers, while non-contact type temperature
optical  pyrometers, radiation
thermometers, and optical fiber
Among  contact  type

thermocouples are the

sensors  include
thermometers.
temperature Sensors,
most frequently used
temperature sensors in industrial fields because they
can measure temperatures with a wide range at a
relatively low cost and are simple to use. In
particular, K-type thermocouples are often used in
thermoelectric power plants in measuring exhaust
gas temperature in order to improve the operational
turbines. The  K-type

thermocouples for gas turbines are installed in the

efficiency of gas

exhaust diffuser of gas turbines and are used
mainly for the measurement of temperature
distribution. The K-type thermocouples must be
resistant to exhaust gas and high temperature for
using it in gas turbines[5].

However, thermocouples used in  practical
industrial fields may be damaged by heat in the
cables of the

thermocouple under high-temperature conditions, or

connectors and  connecting
physically weak parts of the sensor due to vibration
during its operation. This leads to frequent sensor
replacements, which reduce the efficiency of power
plants. In this paper, the problems of EGT sensors



Wgol e g ZhaEE 2EAAM e B A

used
investigated and

turbine power generation were
analyzed. To
problems, a method that improves the durability of

in gas
improve these
exhaust gas temperature sensors used in gas
turbine power generation is proposed for improving
the durability in high temperature and vibration
conditions. Also, the performance of the proposed
EGT sensor was tested for its durability through
establishing a complex environment test equipment
with accuracy and response speed. The accuracy of
the EGT sensor was evaluated by applying the
international standards of ASTM E230, IEC 60584-2,
and KS C1602[6-8]. The proposed EGT sensor and
sensor cables were found to be safe from complex
environment tests under high temperature and
vibration conditions. Therefore, the proposed EGT
sensor is expected to be applied to various
industrial ~ fields,
generation and jet engines.

including gas turbine power

Il. Theory of the EGT sensor

The EGT sensor is used as a K-type thermocouple, and
the material of the themocouple consists of two different
types of metal wires. As the different metals A and B are
joined to form a closed dircuit and one side is cut open, the
charges nmove proportionally to the temperature difference of
the point of contact, resulting in electronotive force. This
phenomenon  is  called the Seebeck effect, and the
electronotive force generated is called Seebeck voltage. Eq.
(1) represents the conversion of the measured Seebeck
voltage.

BE=0o(T,- 1)) oy

where 0 is the Seeback coeffident, T is the tenperatue
measured &t a test part, ad To s the reference tenperature

For irgtance, if the meesured tenperatures of and are 60 and
DC respactivy, the dectranutive facg E is 2400V because the
Secheck coefficient of the Ktype themmooaugle is about A0uV.

Fg 2 @ dows this cdadation ad Fg 2 () represernts the
output dharacteristics of the Ktype themooogd9)

nt(uV/°C)

Seebeck Coefficie

0
400 200 0 200 100 600 800 1000 1200 1400
Temperature(°C)

(b)

Fig. 2 (a) Principle of a K-type thermocouple; (b) Output
voltage characteristics of a K-type thermocouple for
temperatures

According to the International Standard of IEC
60084-2, the type of thermocouple is classified as E, ],
K T, N B, S, and R depending on the material and
temperature measurement rangel6]. Table 1 shows the
standard specification of these thermocouples[10].

The BEGT sensor is used to prevent permanent
damages of the parts in a gas turbine due to
excessive increases in temperature and to control the
temperature of the gas turbine. As shown in Fig. 3,
the temperature of the gas turbine is controlled by the
ratio of the amount of fuel to the air incoming. Also,
the exhaust part where the EGT sensor is installed is
in a high-temperature environment of about 600°C to
700°C and has severe vibration caused by the rotation
of the turbine blade. Therefore, the EGT sensor
should be able to withstand these harsh conditions.

The characteristics of the exhaust gas temperature
in a gas turbine according to the incoming air are
shown in Fig. 3[11].

1177



JKIECS, vol. 15, no. 06, 1175-1186, 2020

Table 1. Materials, temperature ranges, and Seebeck
coefficients according to the type of thermocouple

Materials of ..
Conductor Temperature | coefficient
Type — - .
Positive | Negative (C) (0)
™) )
E Chromel Constantan -200 to 900 62 puv/C
] Iron Constantan 0 to 760 51 |JV/QC
T Copper Constantan -200 to 371 40 pv/C
K Chromel Alumel -200 to 1260 40 |JV/QC
N Nicrosil Nisil 0 to 1260 27 puv/C
Platinum Platinum .
B (30% (6% 0 to 1820 1 uv/C
Rhodium) Rhodium)
Platinum .
S (10% Platinum 0 to 1480 7 uv/C
Rhodium)
Platinum .
R (13% Platinum 0 to 1480 7 uv/C
Rhodium)
670
g 80
E 850
E
L
£ 640
E 630
2 820

510 . . .
200 950 1000 1050 1100 1180 1200
Air mass flow (kg/s)

Fig. 3 Characteristics of the exhaust gas temperature
according to the volume of incoming air

There are three types of K-type thermocouples
to the junction type. The
advantages, and disadvantages in

according shapes,

these
thermocouples according to their junction types are
presented in Fig. 4 and Table 2. The proposed
junction type of the EGT sensor is an ungrounded
junction type, and the welded point of the point of
contact is separated from the cover. Therefore, this
type is largely used in industrial fields because it
has the advantage of recognizing a fault easily by
measuring insulation resistance.

In addition, the welded point of the point of
contact is stronger than the exposed junction type
for both the

external environment and the
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mechanical and chemical stresses because the point
of contact is not exposed.

Also, the external part of the thermocouple is
generally connected to ground that is stronger than
the grounded junction type for noise electrically.
However, this has a disadvantage of having a longer
dynamic response time than the exposed and
grounded junction types[12].

Table 2. Advantages and disadvantages of the
thermocouple according to junction types

Junction Type Advantage Disadvantage

Vulnerable to
external
fast dynamic response environments
type and mechanical
chemical stresses

exposed

High possibility
of damages in
the oint of
gr(zunged fast dynamic response Contactpby heat
YP and electrically
vulnerable to
noise

electrically
noise-resistant and

ungrounded easily detectable by Slow dynamic
type measuring insulation response
resistance in the case
of a fault
(a) (b) (c)

Fig. 4 (a) Exposed junction type thermocouple,
(b) Grounded junction type thermocouple,
() Ungrounded junction type thermocouple

lll. Analysis of the problems of existing
EGT sensors

The problems of the BEGT sensor were analyzed based on
the defective products obtained from Jaruary 2017 to Jarwary
18 at the gas turbine of the 8BMW liquefied natural gas
(ING) power plant located in Oseong—mweon, Pyeongtack,
Gyeonggi—do, Korea[12-13].

Fig. 5 shows the exhaust part of the gas turbine,
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which is set for its overhauling in order to explain the
installation environment of the EGT sensor.

Twenty-seven EGT sensors are installed at 13.3°
mntervals in the exhaust part of the gas turbine. A total
of 10 defective samples were analyzed to determine
faults of the EGT sensor.

The results of the analysis of these defective EGT
sensors are shown in Table 3 and Fig. 6. In the major
causes of faults, the connector damage (carbonization)
caused by heat was found to be 90%, and the breakage
caused by vibration was found to be 10%. The current
male connector of the EGT sensor was a separator
between terminals and was not damaged because it was
made of a high-temperature resistant glass material.

However, the silicon rubber of the thermoset material
used on the contact surface of the male connector was
carbonized.

Also, the epoxy insulator of the female connector was
carbonized and that causes a disconnection of the point of
contact of the comnector. In addition, the internal
thermocouple wire of the EGT sensor and the weld area
of the connector terminals showed disconnections due to
vibration.

{  OQuter view of
the EGT sensor

o
Inner view of

the EGT sensor

Fig. 5 EGT sensors installed in the exhaust part of
the gas turbine

Table 3. Results of the analysis of the causes of the
defective EGT sensors

sal\sr:)pile I‘(Llfo‘;ttihm)e Phenomenon Cause
#1 8 disconnection caggggfzc;%r()n
#2 9 disconnection cagggﬁfzc;%zn
# 7| disconnection | carbonisation
#4 9 disconnection Caﬁﬁgﬁfgﬁgn
#5 8 disconnection Caﬁﬁgﬁfﬁ;ﬁgn
#6 9 disconnection caiggﬁiezcetl(t)ign
#7 8 disconnection caiggﬂfzcetltt)ign
#8 8 disconnection caiﬁgﬁfzcgggn
# 9 | disconnection | carbonization
#10 5 disconnection physical damage
Silicon rubber Class material

Front view

-

(b)

Carbonized epoxy

Connector terminal

Welding
Thermocouple wire

Insulator

Thermocouple probe

(e)

Fig. 6 (a) Normal male connector of the EGT
sensor, (b) Defective male connector of the EGT
sensor, (¢) Normal female connector of the EGT

sensor, (d) Defective female connector of the
EGT sensor, (e) The disconnection between the
connector terminal and the thermocouple wire of

the EGT sensor
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IV. Sensor design

4.1 Material & method

The proposed a ungrounded type EGT sensor
consists of glass to metal seal connector, which has
durability at a high-temperature condition, and a
sheath, a metal cover of the sheath, and a stopper
with a thermocouple. For the sheath containing the
thermocouple, the XL K-type of OMEGECLAD was
applied, and the diameter of the TC wire was
0.317mm. Fig. 7 shows the comparison of response
times depending on the diameter of the thermocouple
wire as a parameter of the junction types suggested
by the manufacturer.

225

2 Ungrounded type

1.25

Time in seconds

0.5

0 0127 0636

0254

0381 0.503

Thermocouple probe diameter in mm

Fig. 7 Comparison of response times depending on
the diameter of thermocouple wire as a parameter
of the junction types

In the fabrication process of the EGT sensor, the
thermocouple wire and connector were joined by
welding to withstand high temperature, and the
glass to metal seal connector and the metal cover of
the sheath were also joined by welding. The stopper
for positioning it to the gas turbine was welded
with the sheath. Finally, the empty space inside the
metal cover of the sheath was filled with ceramic in
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order to protect the disconnection between the
thermocouple wire and the connector under vibration
conditions caused by the rotation of the gas turbine
blades. After curing the ceramic, the fabrication is
finished by welding the ceramic filling hole. The
EGT sensor cable consists of a ceramic-glass to
metal seal connector and a thermocouple.

The total size of the EGT sensor is 21.24 x 496.1
(mm). The configuration and image of the proposed

EGT sensor are shown in Fig. 8 and the major

materials used are presented in Table 4[14-18].

ﬁ’%

Glass to metal seal
female connector

Welding point

Glags o metal scal
male connector

Ceramic filling hole Stopper
e Sheath *'°PF

Weldihg point

Metal cover of sheath

D — .

Phota of the proposed EGT sensor cale

Photo of the proposed EGT sensor

Fig. 8 Configuration and image of the proposed EGT
sensor and sensor cable

Table 4. Major materials used in the EGT sensor

Part name

Part number
(Manufacturer)

Material

Cover: Aluminum
Positive of terminal

Glass to metal conductor:
seal male S17443A000, male Cromel
connector of (Sungjin C&T) Negative of
the EGT sensor terminal
conductor: Alumel
Seal: Glass

Ceramic-glass to

Cover: Aluminum
Positive of terminal

517443B000, conductor: Cromel
Meancctor of e | female (Sungjin Negative of
&T) terminal

EGT sensor cable

conductor: Alumel
Seal: Ceramic-glass

Metal cover of

STCS-001 (i-sensor

sheath Korea) Aluminum
Insulator:
OMEGI?CLAD AL Manganese oxide
Sheath RS MgO
tihsaedanypile TC wires: Cromel,
(Omega) Alumel
STCS-002 .
Stopper (i-sensor Korea) Aluminum
Thermosetting
Ceramic CNZr 01 Zirconium  oxide
(CNvision) powder
Welding AL T4043 Aluminum

(Eulji_Corporation)
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Table 5. Differences in the used materials between the existing and proposed EGT sensors

Part Materials of the existing EGT sensor Materials of the proposed EGT sensor
Male connector (Glass to metal seal and Silicon rubber are used) (Only glass to metal seal is used )
of the EGT Temperature limit of the glass to metal seal: 1,000 Temperature limit of the glass to metal seal: 1,000

sensor

Carbonization temperature of the silicon rubber: 55 ~ 300

Silicon rubber is not  used

Insulator of the
nsulator of the (Only epoxy is used)

(Ceramic and glass is  used)

Negative: CuZn, gold coating

male connectors

female Lo X Temperature limit of the ceramic-glass insulator: 1,000
Carbonization temperature of the epoxy insulator: 200 pe . e
connector carbon sealing: 800
Conductors of
Positive: CuZn, gold coati Positive: cromel
the female and g ne

Negative: alumel

4.2 Major design differences between existing
EGT sensors and the proposed EGT
sensor

The muin design differences of the proposed BGT sensor
are designed to be stronger in heat and vibration than the
existing EGT sensors. The silicon rubber used in the nle
comnector was renoved in order to increase heat resistance
and to inprove the carbonization issues in the silicon rubber
used inside the male comnector and the epoxy insulator used
inside the fermpale comnector at high tenperatures generated
from the existing BGT sensor and sensor cable. Silicon rubber
was used for the hermretic seals of the connector comnections.

In the fermdle comnector, a ceramic—glass to metal seal was
used, and a carbon sealing component that can be used wp to
&0°C is used for muintaning the hemetic seal of the
comector  comections.  Thus, the proposed BGT sensor
(terperature limit: 0°C) was designed to be about four
times stronger in heat conpared to the existing BEGT sensor
(tenrperature limit: 200°0). ‘The terminal conductars of the
femrale and nele connectors used the same nterial as the
output thermooouple wire for improving its accuracy. Table 5
and Hg 9 show the differences in the used nmterials
between the existing and proposed BGT sensars.

The inside of the metal cover of the sheath (the welding
area of the thermmocouple wires and the male comnector of the
BGT sensar) of the proposed BEGT sensor was filled with
ceramic in order to improve the discomnection of the intemal
thermocouple wire of the BGT sensor by vibration.

Then, the ceramic was hardened, and the ceramic filling
hole was finished with welding. This is showm in Fg. 10.

Silicon rubber

Ceramic insulator .
Carbon sealing  Glass insulator

b .
I Terminal
>

Cross-sectional diagram

) (d
Fig. 9 (@) Male connector of the existing EGT
sensor, (b) Connector of the proposed EGT sensor,
(c) Female connector of the existing EGT sensor
cable, (d) Female connector and its cross section
of the proposed EGT sensor cable

Welding Ceramic filler

(@

Fig. 10 (a) Curing the ceramic filling and the
welding of the filing hole of the proposed EGT
sensor, (b) Cross section of the filler of the
proposed EGT sensor

4.3 Test equipment design
A complex environment test equipment was designed
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for the durahility test of the proposed EGT sensor. The
complex environment test equipment for the EGT sensor
consists of a programmable logic controller (PLC), a
hybrid recorder, a thyristor power controller, an electric
fumace, a vibration motor and controller, a vibration
sensor, and a TC sensor.

The electric furnace can be controlled up to 1,250°C,
the exciting force of vibration can be adjusted up to
60kgf, and the vibration frequency was designed to be
60 Hz. Also, the PLC controls the temperature of the
electric furnace by controlling the thyristor controller and
vibration motor through receiving data from the hybrid
recorder that receives input from various sensors
through RS-422 and RS-232 communications.

Fig. 10 and Table 6 represent the block diagram,
mmages, and components of the complex environment test
equipment for testing the durability of the EGT sensor.

Table 6. Specification of the complex environment test
equipment of the EGT sensor

Description Part No. Specification Maker
. Temperature control: up .
Hetie | sieros | 01550 fungl
Size: 488 x488 x 488 mm y
Thyristor 3-phase, 380V, 35A
power PIONGDS | (133 kW), PIONENG
controller RS-485: Temp. control
Sentech
TC sensor SEN-926 K-type TC Eng
Kg{gf‘g WMv-20B | Exciting force: 60kgf, Won Hyo
controller Vibration freq.: 60 Hz Industrial
Protection
Vibration LP202-1R 4~20mA current &
sensor 1-1E proportional to vibration | reliability
Instruments
Input: 16 channels
; Remote control:
Hybrid KRN1000 | RS422/485/232 Konics
recorder High sampling time:
25~250ms
grﬁﬁgrimmabl Touch panel input
cont%?)ller XP-40 RS-232: 2 channels LSIS
RS-422/485: 1 channel
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e e [T s
[ R !
. Flectric TC sensor for furnace
Hybrid furtiace temperature measurement
recorder mmll] | Proposed FGT sensor

{ Vibration sensor For testing

Hel bl ] -1 N
R5Z321 Vibration motor

and controller

Fig. 11 Block diagram of the complex environment
test equipment of the EGT sensor

-
TCsensor  Electric furnace

=y

Fig. 12 Configuration image of the complex
environment test equipment of the EGT sensor

V. Experiment & Results

5.1 Accuracy test results

The proposed EGT sensor was tested by a public
certification testing agency. The proposed accuracy of
the EGT sensor was tested for six samples at
mtervals of 100°C to 1,200°C. The according to the
K-type thermocouple of the international standards, the
grades are classified as the Special and Standard in
ASTM E230 and the Classesl and Class2 in IEC
60634-2 and KS C1602 as shown in Table 7.

The test results satisfy the international standards of
ASTM E230, IEC 60684-2, and KS C1602 as presented
in Table 86-8]. The graph analyzed with MATLAB
based on the test results is shown in Fig 13.
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Table 7. Accuracy grades of the EGT sensor according
to the international standards

. Tolerance Tolerance
International (IEC: Classl, (IEC: Class2, ASTM:
ASTM:  Special) Standard)
t 0 to + 1,260 t 0 to + 1,260
ASTM E230 (+1.1) or +t x0.004 | (+2.2) or +t x0.0075
IEC 60584-2, t: -40 to + 1,000 t: -40 to + 1,200
KS C1602 (£1.5) or *t x0.004 (£2.5) or *t x0.0075
Table 8. Test results of the accuracy for given
temperatures of the proposed EGT sensor
International
standard TC measurement tolerance (C)
specification (C)
Test
Temp. IEC
I ASTM | 60584-1
E230 , KS #1 | #2 | #3 | #4 | £5 | #6
Special C1602
class1
100 +1.1 +15 | -0.6| +0.1| 0.0| +0.3| +0.2| 0.0
200 +1.1 +15 | +0.1| -02| -0.1] +0.3] -0.3| 0.0

300 1.2 +1.5 +0.1] -0.2| +0.2] -0.5| -0.3| -0.2
400 +1.6 +1.6 -0.2| -04| +0.1] +0.5| +0.2| -0.2
500 +2.0 +2.0 -0.4| +0.8| 0.0] +0.3] +0.3| 0.0
600 +2.4 +2.4 +1.0| +0.5] -0.4| +0.7| -0.1| +0.9

700 +2.8 +2.8 +0.5| +0.4| -0.5| -1.0| -0.1| +0.8
800 +3.2 +3.2 -0.1| +0.1| +1.0] -0.8| +0.7| +1.1
900 +3.6 +3.6 +0.8| +1.0| +1.7| +1.6| +1.8| +2.6

1000 +4.0 +4.0 +1.0| -1.1| +0.8| +1.2| -0.8| 0.0
1100 +4.4 +4.4 +1.2| -0.2| -0.9| +1.1| +2.0| 0.0
1200 +4.8 +4.8 +3.7| +2.8| +1.6| +2.9| +2.3| +1.5

TC Measurement Temperature EmorCl

Test Temperaure(0)

Fig. 13 Graph of the accuracy for given temperatures
of the proposed EGT sensor

5.2 Response time test results

The intemational standard for the test of the response
time of the proposed EGT sensors is ASTM E339-11. This
test method is defined as the temperature reaches 6322 of
the measured termperature, as shown in Fg. 14

Where the fluid in the test tank is heated using water or
all, and the flow rate of the fluid is tested to a condition of 1

my's. The test equipment is configured, as shown in Hg. 15.

: Time constant

g

63.2% 63.2%

0 T | }368%

Measuremen

0123436789101 12131151617

Fig. 14 Specification of the response time of the
thermocouple of the international standard of ASTM
E839-11

Water intake

Response time measurement

Thermocouple

Water pump

Water heater

Speed controller

Variable speed drive

Fig. 15 Experimental setup for testing the response
time of the thermocouple of the international standard
of ASTM E839-11

Since the application temperature of the proposed
EGT sensor is determined between 600°C and 700°C
approximately, the response time test at 700°C is
required. The international standard of ASTM
E839-11 stipulates that the applied fluid is to be
heated and the thermocouple is to be used in the
fluid. The reason for using fluids is to prevent heat
conduction by convection and obtain the same test
results.

However, it is practically not possible to heat
fluids more than 700°C due to evaporation. Also, the
test can be performed by placing the EGT sensor in
a heated furnace. In this case, however, it is very
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difficult to measure the response time because of the
delayed response time caused by convection between
the sensing point of the sensor and the furnace.
Thus, the measurement of the response time was
implemented by heating the EGT sensor to 750°C
and cooling it to 700°C in the ambient temperature
and then dipping it into ice water of 0°C to 253.4°C
in which the time taken to 2534°C with a
temperature drop of 63.8% was measured as the
response time.
Although this method is not the method given in
the standard, the response time of a thermocouple
can be measured using this method, and the results
of the measurement are shown in Table 9 and
Figure 16.
As a result of the response time test, the response
time of the conventional EGT sensor and the
proposed ungrounded EGT sensor was measured as
about 0.7 seconds, and the response characteristics
were similar to the response time suggested by
OMEGA.

Table 9. Results of the comparison tests of the
response time of the proposed and existing EGT

SEensors
Proposed EGT sensor .
sample number Response time (Sec.)

EGT sensor sample #1 2.23

EGT sensor sample #2 2.39

EGT sensor sample #3 2.22

EGT sensor sample #4 2.35

EGT sensor sample #5 2.23

EGT sensor sample #6 2.22
Existing EGT sensor 291

1184

\, T Existing EGT sbnsor 1

63.2%

253.4°C

T: EGT sensor #1~6

51

Timelscc)

Fig. 16 Accuracy graph of the proposed EGT
sensor for given temperatures

5.3 Durability test results in the complex
environment test equipment of high
temperature and vibration

The durability of the proposed EGT sensor and
existing EGT sensor was tested using the complex
environmental test equipment. The test conditions
were determined as high temperature, 900°C, exciting
force of vibration, 50kgf, and vibration frequency of
60Hz. The test of the existing EGT sensor was
terminated after 11 days plus 16 hours and 20
minutes because of no sensor output, and the
proposed EGT sensor was tested for 19 days, but
there were no problems. The reason for the defect of
the conventional EGT sensor was that the lower part
of the stopper welded to the sheath was broken. In
addition, the deformation of the sheath of the existing
EGT sensor was more severe than that of the
proposed EGT sensor. Because the conditions of the
test were applied as a short-term period with high
temperature and vibration condition, no problems of
carbonation at the connector was encountered. The
test results are shown in Table 10 and Fig. 17.

Table 10. Comparison of the test results in the complex
environment test equipment

Existing EGT
sensor

Proposed

Test condition EGT sensor

The test was
terminated after 11 There  were
days plus 16 hours no problems in
and 20 minutes the test for 19
because of no days.
sensor output.

Temp. : 900
Exciting force: 50kgf
Vibration freq.: 60Hz




Wgol e g ZhaEE 2EAAM e B A

Photo of the proposed FEGT sensor

I"hoto of the existing EGT sensor

.
.
The stopper part was cul. The sheath part was more deformed

Fig. 17 Test results in the complex environment test
equipment

VI. Conclusion

In this study, the problems of the carbonization of
the connector damaged by the heat generated from
the EGT sensor, which is installed at the exhaust
part of the gas turbine power plant, and the
breakage caused by vibration was analyzed.

Also, the life span of the sensor was analyzed.
For improving these problems, the female connector
of the EGT sensor cable used a ceramic-glass to
metal seal connector to solve the carbonization
problem on the connector. In contrast the male
connector of the EGT sensor used a glass to metal
seal connector in which the carbonization issue was
improved by replacing the silicon rubber to carbon.
Also, a ceramic filling material was used to the
welding area of the connector of the EGT sensor
and the thermocouple to prevent damages caused by
vibration. International standards do not suggest
measuring the response time under high-temperature
conditions of about 700 C.

In this paper, a method to measure the response
time under high temperature conditions is proposed.
The response time measured by the proposed
method is about 0.7 seconds. For the durability test
of the proposed EGT sensor, a complex environment
test equipment was designed and manufactured to
simulate a gas turbine exhaust part that can be
used to the tests of heat and vibration at the same
time.

In the complex environment tests results, the
existing EGT sensor showed a problem of producing

smoke after one hour of the test, and the proposed
EGT sensor presented no problem for 168 hours.

In this paper, useful information to solve the
problems of the existing EGT sensor and sensor
cable and a new method of measuring the response
time under high-temperature conditions are proposed.
It is expected that the operation efficiency of the
steam power plants can be greatly improved in the
future.

In the future research, we plan to install the
proposed EGT sensor in the gas turbine of the
power plant to test the durability, and we will
conduct studies with the durability of the sensors
used in the gas turbine.
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