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This paper addresses a technique to solve the problem of accumulated heat transfer in
solenoid coil of the solenoid valve controlling hydraulic damper by using the switching technique
with low frequency. For this experiment and research, the data was collected from South Bangkok
Combined Cycle Power Plant Block II. This new method can result in saving the energy loss in
solenoid coil. In addition, this technique aims to solve the fundamental problem by reducing
direct heat transfer in solenoid coil of the solenoid valve and protecting complete gas turbine trip
from the hydraulic damper closing failure and heat recovery steam generator (HRSG) trips from

burnt solenoid coil of hydraulic damper.
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m3a Damper szilafiugranauitoiuganyily HRSG (Heat Recovery Steam
Generator) ‘ﬁuﬂduwamm:'lﬂﬁ Temperature Gradient . ;ﬁundwi‘:ﬁﬁmuﬂﬁﬂﬁ"lﬁﬁﬂ
Thermal Stress 9 Thermal Stress ﬁa:ﬁﬂﬁmqnﬁ‘l‘ffﬂwmqﬂnﬁtﬂﬁ,’uaq uﬂnmnfrqmﬂqﬁ
fineun s iinai Iiausunoly HRSG Myiuetrammnzandiy duysilgaay
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3.3 52UUM 510901 ( Unit Protection )
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3.4.6 1151mmumm€|’u ( Pressure Refief Valve )
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3.5.1 nouitlamIunn3oun ( Stand by Mode )
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3.52 msisuitla ( Open Mode)
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3.5.3 M3iUaga ( Full Open Mode)
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3.5.4 M33311) ( Closing Mode )
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3.5.5 M351aga ( Full Close Mode)
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3.5.6 m‘ﬁjﬂfgmau (Emergency Closing / Fail Safe)
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MV 6.1 HRSG Trip 1Hi0391nunada lsAuaunyn Hydraulic Damper 113 (n3difi1)

*Sunaouil **HRSG#__ Trip % UNQAS Trip
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M319% 6.2 Gas Turbine Trip 91ANWANMA2IUMTTAYDA Damper (N3N 2)

“Sunfoun **AUIng sorifumgl¥ Gas Turbine#_Trip  tijoaninnaindu
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%97l 2 (HRSG202) MnAnuAnlnAveeteveswyumswanlorhwesszuudanal? HRSG
Trip 1 hilgninilamivaaan Tedueod Tns

MINF 2 ndndl 3 (o) mnedts MgMIsindnii HRSG ATl ( HRSG201) Az
HRSG A7l 2 (HRSG202) Trip 13 vande Hydraulic Damper Uad1aaun1#iannnii 40
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TumsiiAugA Exercise MM99A7UAY Hydraulic Damper 1 1A dadiuna
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IRFP460

N - CHANNEL 500V - 0.22 Q@ -20 A-TO-247

PowerMESH™ MOSFET

TYPE Vpss Rps(on) Io
IRFP460 500 V < 0.27 Q 20 A

TYPICAL Rps(en) =0.22 Q

EXTREMELY HIGH dv/dt CAPABILITY
100% AVALANGCHE TEESTED

VERY LOW INTRINSIC CAPACITANCES
GATE CHARGE MINIMIZED

DESCRIPTION

This power MOSFET is designed using the
company's consolioated strip layout-based MESH
OVERLAY™ process. This technology matches
and improves the performances compared with
standard parts from various sources.

APPLICATIONS

= HIGH CURRENT SWITCHING

= UNINTERRUPTIBLE POWER SUPPLY (UPS)

= DC/DC COVERTERS FOR TELECOM,
INDUSTRIAL, AND LIGHTING EQUIPMENT.

ABSOLUTE MAXIMUM RATINGS

INTERNAL SCHEMATIC DIAGRAM
o(2)

s(3)
5C08140

Symbol Parameter Value Unit
Vs Drain-snurce Voltage (Vgs = 0) 500 \
Vocr |Drain- gate Voltage (Ras = 20 kQ) 500 Vv
Vas Gate-source Voltage + 20 A

Ip Drain Current (cortinuous) at Tc = 25 °C 20 A
Ip Drain Current (continuous) at T¢ = 120 °C 13 A
_IDM(-) Drain Current (pulsed) 80 A
Plot Total Dissipation at Te = 25 °C 250 w
Derating Factor 2 wrc
dv/dt(1) |Peak Diode Recovery voltage slope 3.5 Vins
Tsig Storage Temperature -65 to 150 °c
Tj Max. Operating Junction Temperature 150 °c

{*) Pulse width limited by safe operaling area

September 1998

(1) Isp <20 A, di/dt <160 A/ps, Voo < Visripss, T) = Tumax

1/8
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THERMAL DATA
Rihj-case |Thermal Resistance Junction-case Max 0.5 °C/wW
mihj-amb | Thermal Resistance Junction-ambient Max 30 oC/W
Rihc-sink | Thermal Resistance Case-sink Typ 0.1 °C/W
T Maximum Lead Temperature For Soldering Purpose 300 °c
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
lar Avalanche Current, Repetitive or Not-Repetitive 20 A
(pulse width limited by T; max)
Eas Single Pulse Avalanche Energy 1000 mJ
(starting Tj= 25 °C, Ip = las, Voo = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Verypss |Drain-souice lp= 250 uA Vgs=0 500 vV
Breakdown Vaoltage
lpss Zero Gate Voltage Vps = Max Rating 10 RA
Drain Gurrent (Vgs = 0) |Vps = Max Rating Te=125°C 100 pA
lgss Gate-body Leakage Vegs =20V % 100 nA
Current (Vps = 0)
ON (%)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vasnh) Gate Threshold Vous = Vgs  Ip= 250 pA 2 3 4 A
Voltage :
Rpsion) |Static Drain-source On [Vgg = 10V Ip= 12 A 0.22 0.27 Q
Resistance
Ipjon) On State Drain Current |Vps > Ipjon) X Rosjon)max 20 A
Vgs = 10 V
DYNAMIC
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
grs (*) Forward Vos > Ipfon) X RDston)max lp=12 A 13 S
Transconductance
Ciss Input Capacitance Vps=25V f=1MHz Vgs=0 4200 pF
Coss Output Cavacitance 500 pF
Crss Reverse Transfer 50 pF
Capacitance
2/8 "I
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IRFP460
ELECTRICAL CHARACTERISTICS (continued)
SWITCHING ON
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
tagon) Turn-on Time Vpp=250V Ip=10A 32 ns
t, Rise Time Rg= 4.7 Q Vgs = 10 V 15 ns
(see test circuit, figure 1)
Qg Total Gate Charge Vop =400 V Ip=20A Vgs=10V 100 130 nC
Qgs Gate-Source Charge 21 nC
Qgq Gate-Drain Charge 37 nC
SWITCHING OFF
Symbol Parameter Test Conditions Min. | Typ. [ Max. | Unit
tr(votn) Off-voltage Rise Time |Vpp=400V Ip=20A 20 ns
t Fall Time Re=470 Vgs=10V 25 ns
te Cross-over Time (see test circuit, figure 5) 47 ns
SOURCE DRAIN DIODE
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Isp Source-drain Current 20 A
Ispm(*) [Source-drain Current 80 A
(pulsed) :
Vsp (¥*) [Forward Cn Voltage lsp=20A Vgg=0 1.6 v
157 Reverse Recovery Isp=20 A di/dt= 100 A/us 700 ns
Time Vop = 100 V Tj= 150 %
Q,, Reverse Recovery (see test circuit, figure 3) 9 pC
Charge
lsRM Reverse Recovery 25 A
Current

(*) Pulsed: Pulse duration = 300 s, duty cycle 1.5 %
(*) Pulse widih limited by safe cperaling area

Safe Operating Area Thermal Impedance
GC7922¢C CC79230
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Output Characteristics
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Transfer Characteristics
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Normalized Gate Threshold Voltage vs Normalized On Resistance vs Temperature
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Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 1: Unclamped Inductive Waveform
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Fig. 3: Switching Times Test Circuits For
Resistive Load
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Fig. 5: Test Circuit For Inductive Load Switching
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IRFP460

| TO-247 MECHANICAL DATA
DIM mm inch
FAIN. TY®, MAX. MIN. TYP, . MAX.
A 4.7 5.3 0.185 0.209
D 2.2 26 0.087 0.102
E 0.4 0.8 0.016 0.031
F 1 1.4 0.039 0.055
F3 2 2.4 0.079 0.094
F4 3 3.4 0.118 0.134
10.9 0.429
H 15.3 159 0.602 0.626
19.7 203 0.776 0.779
L3 142 - 148 0.559 0.413 0.582
L4 34.6 1.362
LS 5.5 0.217
M 2 3 0.079 0.118
Dia 3.55 3.65 0.140 0.144
L3

L4
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BD135
BD137/BD139

NPN SILICON TRANSISTOR

s SGS-THOMSON PREFERRED SALESTYPES

DESCRIPTION

The BD135, BD137 and BD139 are silicon
epitaxial planar NPN transistors in Jedec SOT-32
plastic package, designed for audio amplifiers
and drivers utilizing complementary or quasi
compementary circuits.

The complementary PNP types are the BD136
BD138 and BD140.

®

SOT-32

INTERNAL SCHEMATIC DIAGRAM

Co(2)
(1)
B
EO(3)
SCO06960
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
) BD135 BD137 BD139
Vceo Collector-Base Voltage (lg = 0) 45 60 80 \
Vceo |Collector-Emitter Voltage (Ig = 0) 45 60 80 \
Veeo |Emitter-Base Voltage (lc = 0) 5 \
e Collector Current 1.5 A
Icm Collector Peak Current 3 A
Is Base Current 0.5 A
Pt  |Total Dissipation at Tc < 25 °C 12.5 w
Pt |Total Dissipation at Tamb < 25 °C 1.25 W
Tstg |Storage Temperature -65 to 150 °C
Ti Max. Operating Junction Temperature 150 c
1/4

October 1995




22

BD135/BD137/BD139

THERMAL DATA

[7thj-ca se

ELECTRICAL CHARACTERISTICS (Tcase =25 °C unless otherwise specified)

Thermal Resistance Junction-case Maxl 10 | °CIWJ

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
lcBo Collector Cut-off Veg =30V 0.1 LA
Current (le = 0) Veg=30V Tc=125 °0G 10 pA
leso Emitter Cut-off Current |Ves =5 v 10 RA
(lc = 0)
Vceo(sus)* | Collector-Emitter Ic =30 mA
Sustaining Voltage for BD135 45 \Y)
for BD137 60 \Y)
for BD139 80 Y
Vce(san* |Collector-Emitter lc=05A Is =0.05 A 0.5 Vv
Saturation Voltage
VBE* Base-Emitter Voltage |lc=0.5A Vee=2V 1 \
hiFg* DC Current Gain lc =5 mA Vee =2V 25
lc=05A Vece=2V 25
lc=150 mA Vce=2V 40 250
hre hre Groups lc=150mA  Vee=2V
for BD139 group 10 63 160

+ Pulsed: Pulse duration = 300 ps, dutycycle 1.5 %

2/4
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BD135/BD137/B139
SOT-32 MECHANICAL DATA
mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 7.4 7.8 0.291 0.307
B 10.5 I 10.8 0.413 0.445
b 0.7 0.9 0.028 0.035
b1 0.49 0.75 0.019 0.030
& 2.4 a7 0.04 0.106
¢ 1.2 0.047
D 15.7 0.618
e 52 0.087
e3 4.4 0.173
F 3.8 0.150
G 3 3.2 0.118 0.126
2.54 0.100
c A
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NES555

SA555 - SE555

GENERAL PURPOSE SINGLE BIPOLAR TIMERS

LOW TURN OFF TIME

B MAXIMUM OPERATING FREQUENCY
GREATER THAN 500kHz

B TIMING FROM MICROSECONDS TO
HOURS

B OPERATES IN BOTH ASTABLE AND
MONOSTABLE MODES

M HIGH OUTPUT CURRENT CAN SOURCE
OR SINK 200mA

B ADJUSTABLE DUTY CYCLE
B TTL COMPATIBLE

B TEMPERATURE STABILITY OF 0.005%
PER®C

DESCRIPTION

The NES555 monolithic timing circuit is a highly sta-
ble controller capable of producing.dccurate time
delays or oscillation. In the time delay mode of op-
eration, the time is precisely controlled by one ex-
ternal resistor and capacitor. For a stable opera-
tion as an oscillator, the free running frequency
and the duty cycle are both accurately controlled
with twa external resistors and one capacitor.

The circuit may be triggered and reset on falling
waveforms, and the output structure can source or
sink up to 200mA.

DIP8
(Plastic Package)

D
s08
(Plastic Micropackage)

PIN CONNECTIONS (top view)

S

[ T N |

ORDER CODE
Package
Part Number Temperature Range N
D
NE555 0°C, 70°C . o
SA555 -40°C, 105°C . .
SE555 -55°C, 125°C . .

B = gg%lli 'ﬁﬁ%fﬁ%ﬁ%ﬁé?@) - also available in Tape & Reel (DT)

June 2003

1-GND

2 - Trigger
3 - Output
4 - Reset

5 - Control voltage
6 - Threshold

7 - Discharge

8 -Vce

1/9
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NE555-

SA555-SE5S55

BLOCK

DIAGRAM

SCHEMATIC DIAGRAM

A

THRESHOLD
COMPARATOR

OUTPUT

Vec' O

. o R
N o Qi anz ]
. -
. -
TRIGGER o—2 3 s Q13

Q1o
N |

RESET 4 Q‘:k
DISCHARGE O——— Y1
1 H

GND ©

TRIGGER COMPARATOR

FLIP FLOP

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee | Supply Voltage 18 v
Tj Junction Temperature 150 °C
Tstg Storage Temperature Range -65to 150 °C
OPERATING CONDITIONS
Symbol Parameter Value Unit
Supply Voltage NE555 4.5t0 16
Vee SA555 X 4.5t016 Y
SES55 45t018
Vih. Virig: Vel Vreset | Maximum Input Voltage Vee vV
Operating Free Air Temperature Range
T for NE555 01070 oc
aper for SA555 -40 to 105
for SE555 -55 to 125
2/9 <7
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NE555-SA555-SE555

ELECTRICAL CHARACTERISTICS T, = +25°C, Ve = +5V to +15V (unless otherwise specified)

SE555 NE555 - SA555
Symbol Parameter Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Supply Current (RL =) - note "
| Low Stage Voo = +5V 3 5 3 6
e Voo = +15V 10 | 12 0 | 15 | ™
High State Voo =5V 2 2
Timing Error (monostable)
(Ra = 2k to 100kQ, C = 0.1pF)
Initial Accuracy - note 2 0.5 2 1 3 %
Drift with Temperature . 30 | 100 50 PPM/°C
Drift with Supply Voltage 0.05 | 0.2 01 | 05 [ %N
Timing Error (astable)
(Ra, Rg = 1kQ to 100k, C = 0.1pF, Vg = +15V) _
Initial Accuracy - see note 2 1.5 2.25 %
Drift with Temperature - 80, 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 %N
Control Voltage Level
Ver Yag =#18Y 96 | 10 | 104 | 9 10 | 1 v
Veg = +5V 29 | 333 | 38 | 26 [333]| 4
Threshold Voltage
Vin Vg = +15¥ 94 | 10 | 106 | 88 | 10 | 112 | vV
Vog = +5V 27 | 333 | 4 | 24 | 333 42
lth | Threshold Current - note 3 0.1 | 0.25 01 [ 025 | pA
Trigger Voltage
Virig V= wlaV 48 | 5 | 52 | 45 | 5 | 58 Vv
Vee = +5V 145 | 1.67 | 1.9 | 1.1 | 167 | 2.2
ltrig Trigger Current (Virig = 0V) 0.5 0.9 0.5 2.0 HA
Vieset | Reset Voltage 4 04 | 07 1 04 | 07 1 Vv
Reset Current T
lreser Vieset = 0.4V 01 | 04 01 | 04 | mA
1. Vreset = OV 04 1 0.4 1.5
1w Level Output Voltage
Vee = +15V lareinky = 10mA «
s g iy 0.1 | 015 0.1 | 0.25
O(sink) = 9¥MA 04 | 05 04 | 0.75
VoL lo(sink) = 100mA 2 2.2 2 25 Vv
Io(sink) = 200mA 25 2.5
Ve = +5Y lAeity = 8BMA 0.1 0.25 0.3 0.4
22 Ofsinkj = 2 0.05 | 0.2 0.25 | 0.35
[0(sjnk) = 5mA
High Level Output Vol{%ge
" Ve = HIY lo(sink) =200mA 12.5 12.5 Y
aH losink) = 100mA ¢ 13 | 13.3 12.75 | 13.3
Vog = +5V 'O(sink) =100mA ' 3 33 2.75 3.3
] Discharge Pin Leakage Current
ldis(of) | (output high) (Vigq = 10V 20 | W 20 | 106 | nk
Discharge pin Saturation Voltage
Vo (output low) - note 9 v
dis(sat) [ Vg = +15V, Igig = 15mA 180 | 480 180 | 480 | ™
Veg = #5V, lgig = 4.5mA \ ‘ 80 200 80 200
tr Output rise Time K 100 | 200 100 | 300 fiE
tf Output Fall Time - 100 | 200 100 | 300
toff | Turn off Time - note & (V;eset = V) 0.5 0.5 ps

DO AWM =

7

. Supply current when output is high is typically 1mA less.
. Tested at Vg = +5V and Ve = +15V

- This will determine the maximum value of R + Ry for +15V operation the max total is R = 20M< and for 5V operation the max total R = 3.5MQ
. Specified with trigger input high
. No protection against excessive pin 7 current is necessary, providing the package dissipation rating will not be exceeded
! ;ﬂmghrgﬁjasured from a positive going input pulse from 0 to 0.8x Vcc into the threshold to the drop from high to low of the output trigger is tied to

3/9
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NE555-SA555-SES55

Figure 1: Minimum Pulse Width Required for

Figure 4 : Low Output Voltage versus Output

Triggering Sink Current
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Figure 2 : Supply Current versus Supply Voltage

Figure 5 : Low Output Voltage versus Output
Sink Current
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Figure 3 : Delay Time versus:Temperature

Figure 6 : Low Output Voltage versus Output
Sink Current
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NE555-SA555-SE555

Figure 7 : High Output Voltage Drop versus
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Figure 8 : Delay Time versus Supply Voltage
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Figure 9 : Propagation Delay versus Voltage
Level of Trigger Value
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APPLICATION INFORMATION

MONOSTABLE OPERATION

In the monostable mode, the timer functions as a
one-shot. Referring to figure 10 the external ca-
pacitor is initially held discharged by a transistor
inside the timer.

Figure 10 :

Voot =510 15V
o

The circuit triggers on a negative-going input sig-
nal when the level reaches 1/3 V. Once trig-
gered, the circuit remains in this state until the set
time has elapsed, even if it is triggered again dur-
ing this interval. The duration of the output HIGH
state is given by t = 1.1 R4C4 and is easily deter-
mined by figure 12.

Notice that since the charge rate and the threshold
level of the comparator. are both directly propor-
tional to supply voltage, the timing interval is inde-
pendent of supply. Applying a negative pulse si-
multaneously to the reset terminal'(pin 4) and the
trigger terminal (pin 2) during the timing cycle dis-
charges the external capacitor and causes the cy-
cle to start over. The timing cycle now starts on the
positive edge of the reset pulse. During the time
the reset pulse in applied, the output is driven to its
LOW state.

When a negative trigger pulse is applied to pin 2,
the flip-flop is set, releasing the short circuit across
the external capacitor and driving the output
HIGH. The voltage across the capacitor increases
exponentially with the time constant t = R4Cy.
When the voltage across the capacitor equals 2/3
Ve, the comparator resets the flip-flop which then
discharge the capacitor rapidly and drivers the
output to its LOW state.

Figure 11 shows the actual waveforms generated
in this mode of operation.

When Reset is not used, it should be tied high to
avoid any possibly or false triggering.

5/9
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Figure 11 :

t=0.1 ms/div

L o, —
INPUT = 2.0Vidiv

QUTPUT VOLTAGE = 5.0V/div
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R1=9.1kQ, C1 = 0.014F, R = 1k

—

Figure 12 :
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ASTABLE OPERATION

When the circuit is connected as shown in figure
13 (pin 2 and 6 connected) it triggers itself and
free runs as a multi vibrator. The external capaci-
tor charges through Ry and R, and discharges
through R, only. Thus the duty cycle may be pre-
cisely set by the ratio of these two resistors.

In the astable mode of operation, C4 charges and
discharges between 1/3 V¢ and 2/3 Vge. As in
the triggered mode, the charge and discharge
times and therefore frequency are independent of
the supply voltage.

Figure 14 shows actual waveforms generated in
this mode of operation.
The charge time (output HIGH) is given by:
t1=10.693 (R + Ry) C4
and the discharge time (output LOW) by:
Thus the total period T is given by:
T=11+12=0.693 (R1+ 2R2) C1
The frequency of oscillation is then:
L . I
T (R1+2R2)C1
may be easily found by figure 15.
The duty cycle is given by:
= —R2 __
R1+2R2

1y

Figure 14 :

t=0.5ms/ div

OUTPUT VOLTAGE = 5.0V/div

\

CAPACITOR VOLTAGE = 1.0V/d

R1=R2=4.8kQ, C1= 0.1pF, R = 1kQ

<

Figure 15 : Free Running Frequency versus Ry,
Rz and C1

Figure 13 :
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NE555-SA555-SE555

PULSE WIDTH MODULATOR Figure 18 : Linear Ramp
When the timer is connected in the monostable
mode and triggered with a continuous pulse train, ;
the output pulse width can be modulated by a sig- H
nal applied to pin 5. Figure 16 shows the circuit. :
Figure 16 : Pulse Width Modulator —
/‘ i
, e : L~
0 Vec* e N //
Ry .
Ve =5V Top trace: input 3V/DIV -
Time: 20ps/DIV ~ Middle trace: output 5V/DIV
Trigger © R, + 47kQ Bottom trace: output 5V/DIV
R, = 100kQ Bottom trace: capacitor voltage
Re = 2.7kQ 1V/DIV
.. | Modutation C=0.01pF
Input
Output © ' —
% T 50% DUTY CYCLE OSCILLATOR

i For a 50% duty cycle the resistors R and Rg may
el be connected as in figure 19. The time period for
the output high is the same as previous,

t1=0.693 R, C

LINEAR RAMP For the output low it is t, =
When the pull-up resistor, Ry, in the monostable [(R. RB)/(RA+RB)].C.Ln [RB—ZRA}
circuit is replaced by a constant current source, a ' 2RB-RA

linear ramp is generated. Figure 17 shows a circuit Thus the frequency of oscillation is:
configuration that will perform this function. f= 1
t1+t2

Figure 17 : Figure 19 : 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is great-
: er than 1/2 Rp because the junction of Ry and Rg
cannot bring pin 2 down to 1/3 V¢ and trigger the
Figure 18 shows waveforms generator by the lin- lower comparator.,

ear ramp.

ADDITIONAL INFORMATION

Adequate power supply by passing is necessary
T = (2/3 Vec RE (R1+R2) C VBE = 0.6V to protect associated circuitry. Minimum recom-
R1Vcc - VBE (R1+R2) ’ mended is 0.1uF in parallel with 1pF electrolytic.

'S72 - 7/9
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NE555-SA555-SE555

PACKAGE MECHANICAL DATA

l: Plastic DIP-8 MECHANICAL DATA 7
DIM. : mm. inch
MIN. TYP MAX. MIN, TYP. MAX.
A 33 0.130
a 0.7 [ 0.028
B 1.39 ( 1.65 0.055 0.065
B1 0.91 . 1.04 0.036 0.041

l
|
l
b 05 ] 0.020
b1 0.38 0.5 ﬁ’ 0.015 ,— 0.020
D 9.8
E

= ’[ j 7’; [ . 0.386
l
l

0.100
] 0.300

el 7.62

ed 7.62

8/9
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NE555-SA555-SE555
PACKAGE MECHANICAL DATA
S0-8 MECHANICAL DATA
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 1.35 175 0.053 0.069
Al 0.10 0.25 0.04 0.010
A2 1.10 1.65 0.043 0.065
B 0.33 0.51 0.013 0.020
[} 0.19 2 0.25 0.007 0.010
D 4.80 5.00 0.189 o 0.197
E 3.80 4,00 0.150 0.157
e 1.27 0.050
H 5.80 6.20 0.228 0.244
h 0.25 0.50 0.010 0.020
L 0.40 127 0.016 0.050
k 8" (max.)
ddd 0.1 | | 0.04
0
hxd5
— M
e e
B
A ¢
o] ddd [ c]
SEATING
PLANE
8 5
i \
K
£ |n L
L
; P
e
0016023/C

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or
systems without express written approval of STMicroelectronics.

The ST logo Is a registered trademark of STMicroelectronics

© 2003 STMicroelectronics - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco
Singapore - Spain - Sweden - Switzerland - United Kingdom
http:/lwww.st.com
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n3diAneIMatleaii gas turbine trip 310ANENMANUMSTAY03 damper HaZ HRSG trip

: a d
(1999 1NUARINTBAUBEAVDIYA hydraulic damper Tnsl

Case study of protecting gas turbine trip from damper closing failure and HRSG trip from solenoid coil

of hydraulic damper burned

3d  a5nne

thogasnnlsabiimszunsld msliihdordauialszmalng
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o 1]

UNAAYD
d’ 1 4 -t - . .
unaNuiinandansdanyInstleats Gas Turbine Trip
ieannAudumarlunisUaves Damper WAL Heat Recovery
Steam Generator (HRSG) Trip 1H8491nvanda Tuduauafi 19niuny
MINNTUYBIYA Hydraulic Damper ‘Iwil maoasuiuamiamsud
HynuFadasduvazyuumiuda s uiueguumgmsali

inAtauN RN Gas Turbine nz HRSG Trip

Abstract

This paper is to mention to the case study of protecting gas
turbine trip from damper closing failure and heat recovery steam
generator ( HRSG) trip from solenoid coil of hydraulic damper burned.
The preventive maintenance method on the most frequent events that
trip the gas turbine and HRSG and how to protect the recurrence is

also described.

1uni

Tsa i masnnudousumszunsld (1] miwit 2
( Combined Cycle ) UsznoudiuinipsnuiialWihiniume (Gas
Turbine) 2 1A3939 Az 202 MW wazinseaduiia hiamlov
(Steam Turbine) 1 lﬂ?a\l 219 MW ﬁﬂi:ﬂauﬁ?ﬂ Heat Recovery

Stearn Generator (HRSG) 210389 37UMAIHAR 623 MW

YA Hydraulic Damper tiugantunumsdla-Taves
Damper tﬁ‘aﬁm’nui’aumn Exhaust Gas ﬁnanmnm?au Gas Turbine
éaﬁqmugﬁqqua:ﬂ?mmmnwa Al Boiler wiaiTund
HRSG uﬂ‘t’r"’luns:umnnﬂﬁﬂ‘laﬁyﬁEmmﬁuuazqmﬂgﬁqma'ﬁ

o - 4
19y Steam Turbine Tumiskan I dnnoanits

ey fiRnfugA Hydraulic Damper #f wiaihi 2 dwito
(1) ¥AaA TsAuooA N 19AIUAUMIM9IMY0IYR Hydraulic Damper
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Solving the problem of gas turbine and HRSG trip from hydraulic damper closing by the switching

technique with low frequency control the solenoid valve

I3

- 4 -
HWII¥IAN - ATINIHD

neathgaimnimnlsdlihmdnnudoudanz  thohgpdnnislrimssunsld msbiihdhordaudalszmalng

Tn3.(02) 3830000 7o 5839 Tn3a13 (02) 3830000 A8 5804 Email:surachart.@egat.co.th

A J
TN

DINIINITIN

- e o - d o -t I o
MAMENANTIUMTNANU AUSIAINTINMTAT rrmuumﬂTuTnum:neummmqmnmmmm:m

ns.(02) 3264203 In3eN7(02) 3264204 Email:kipipat@kmitlac.th

o )
UNAALD
¥ .
unanuil ianemaiansudilymanudeuiinzanlu
vanda TyAuosdvoa TyAuesanainiugy Hydraulic Damper 1Ay
. ¥ »
1 Taoldimafinadaiaeainudd 1diminaanidadaisoinude
yoii Isaimaannuouswmszuns1a mizeh 2 wudnhiiia
mUsendandamndun)domnin Service Air il¥zu0a1uioU
- - ¢ 4 P T -
uazndnmgyidoluvaatalyduesd Funafiaijaniuudilgnn
Y - - ’ - ¢
dumg Tavaannufouganazauluvanialadussaves Txdueod
¢ an Y - - : .
il IdsTanazawsotleady Gas Twbine Trip 9Inilgym
- 1w J - - - X
Hydraulic Damper Va2 hiduiiesninTsduosdndivads uaz

HRSG Trip 11n¥Aa7A Twauouan 19A70gN Hydraulic Damper Tl

o 8 s - -
AN : TvdussdAneds , TaAussandd

Abstract

This article presents a technique to solve the problem of
accumulated heat in the solenoid coil of the solenoid valve controlling
hydraulic damper [1] by using the low frequency switching technique.
The experiment was install and research data was collected from
South Bangkok Combined Cycle Power Plant II . Result from the new
method indicated the energy saving in the solenoid coil. The technique
concentrates on solve in the basic problem by directly reducing the heat
in the solenoid coil of the solenoild valve. This completely protected
the gas turbine trip due to the failure closing the hydraulic damper. As
well as the heat recovery steam generator (HRSG) trips due to the

burning of the solenoid coil of hydraulic damper.

Keywords : solenoid coil, solenoid valve , hydraulic damper,

Gas turbine trip, damper closing failure
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