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CONTROLABLE VAR COMPENSATION

Wittawat  Lekpoonkerd

Werasak Tongtip

Wuttichai Sakulchaiyapreuk

Asst. Prof. Jongrak Boonseng , Advisor

2005

ABSTRACT

Using Capacitor bank for reactive power compensator can improve power factor of
electrical power system. Sa | reactive power compensator improvement can make it work
more stability. Using IC TCA 785 for increase — decrease trigger angle for control reactive
power that compensate to electrical power system. This can make it work in many state.

Such as , ability to compensate at many level of reactive power or compensate in all period

of load.
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M7 turn off thyristor a1373T A9 natural commutation, reverse bias turn-off W&z

gate turn-off.

Natural commutation

e nyeuw anode  amasdindtefita m‘r’iqcﬂ Zanda nszualeads (holding
current) ui? 1o3anaed 9z tumn off. agwlafiay daafiNnTzuE anode AzdaINNNNI
1,000 1¥imad holding value. 1w1993nszuaasy \ila anode voltage faadiluuan ila
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(impedance) W3g¥iNN138A1991 (short circuit) 31119 anode il cathode a3 Lo3mans

Reverse bias turn-off
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SRLRYATIY R
Twaanaiwisiians AddlWihasaPy watt | MdsTWiIuanfivi@) VAR
MUMn 2985.63 0
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Py o e (™ A x o a
4.2 sammaraemruqulianadrasidind s idulwaarfiad unilaniuazen

Ay Uszq

Stopped | 2006/83/16 20:02M5
CHA=IGY ¥ ; T Gme/div
oc 1 © (Smsciv)
AT HORMBO0KS /5
¥ ;
=Tracels May  800.0Wv ©  Mih -1.200V Res 414, 3mv
| Fréq 3.333kHz  Duly B6iTX
»Fliter= =20ffzei= =Record hength= =Triggnr=
Emonthing : ON  CH1 aav Malin 10K Mode | AUTO
BW : FULL CHe : av Zoom 0 400 Type : EBGE CN1

A L™ L [ - ﬂ.
Jin 4.6 gﬂl.mmﬁmuzuﬂmu.mﬂuﬂ':au‘lmﬁma{ 710 89 (Wa A

Stopped

Delay : ans
Hold DfF @ MINIMUM

2006/08/18_20:06:25

CHi=IDV
/-0 11

N e

e

. Smsgdiv
; : [Smsydiv)
L. NORMIDGKE/S

i
i
...... : e : :
aTracelm Makx  21,20¢ Mip -21;80¥ = Rms 1574V
Freq 49;78Hz ~  Dudy 50,2% :
., Freq 49, TsH: L Pty (SO.2X
: : :
. i
oFiller= wOffsal= =Record Leéngth= aTriggers
Smoathing © ON €M1 : faY  Main @ 0K Maode ! AUTD
BW : FULL CHz ; w Zoom : AD0  Type ! EDGE GHY &

A o o 1 " {
3UA 4.7 JUusedggrnusiduatanisiawad 71 45 a9 g A

Delay 0.0ns
Holg OFf @ MINIMUM
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2006 /03416 201756

CHI=10V
pC 101

cHZRTaY -
DC 1041

T Ema/div
: [Smadiv)

=Tracalal |

wTrace2=

M .40
L A

LoMin esoieeyl G Rme  22iamy
Duiy |\ 50;0%

=Filters

Smonthing : ON  CHE :
e :

B¥W : FULL

=m0 sei=

o0.0v
o.ov

=Record Lengths
Main 1 10K
Zoom : 400

=Triggar=
Made | AUTO

Hold OFf @  MINIMUM

= % [V 1 - i
110 4.8 pluaasdy g auTduLaznIzuaniay lsimanT 11 90 asen F A

Stopped

a

2006 /03716 202152

CH1m10V
DC 101

CHz=1V |
0C 1001

. Sma/idv
C o {Sme/div)
| NORM:ZNDKE/S

32:40v

10;00v
50 00Hz °

=Fijterw

Emoothieg | ON  CH1
CH2 |

BW [ FULL

=OfFantm
oav
ooV

=fecord Lengthe
Main : 10K
Zoom 400

aTriggers
Mede | AUTO
Type -
Dalay .

Hold Off | MINIMUM

“ L o 4 & i
71N 4.9 plusesdyyIuuTIduataulsimead uaznizua A1 135 aven 1WA A
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Stopped 3 2006 /03716 20:25:22
CHT=I0V .  CH2=lW ! : L Smafdv

pC k1 0C 100:% ¢ : : . (Sma/div]
‘ : f ‘ C ... NMORMZ00RS/3

e

=Tracal= Max | 0,000% | Min -2.000v s 1,087V

U 'Fraq  2.000kHz . Dufy 20,0% : 3
aTrace2a Mak 000, Omy Mih  =800.0mv Rises 240 1m¥
: Freq 5, 000kHz Dty 50;0% : :
aFller= a0FFsat= wRecord Length= aTrigger=
S8monthing : ON CHI : ooV Main @ 10K Mode : AUTO
BW : FULL CHzZ : LR Zomm : 400 Type : EDGE CH1 &
Delay : N.ons

Hald OFF @ MINIMUM

o [ - , = ]
31 410 Eﬂnmmamuwgmunwmaaﬂﬁimﬂa? WRSNTEUE 7t 180 8367 LWE A

A19191 4.3 ﬁﬂé‘a‘lwﬂﬂﬁﬁhumhgf[ﬂﬂm'nﬁ@]ﬁamﬁmﬂma:ﬁ’uﬁuﬂnq‘[mumumﬁ

AN InTmand
2IANUDIYUIATUIN fnad WithaSe(P) watt faslwWiSuanfin(Q) var
0 481.46 2972.61
45 481.46 2972.61
g0 123.11 760.09
135 84.74 523.18
180 39.97 246,78

A o -t d. ] w 1 - A H a L ~ - [}
A1TI9N 4.4 maa"l%lﬂwmuLmﬂgTuam'nummmﬁmmuazmmuﬂ‘::quuuﬂnﬂuﬁmi
muﬂuﬂ"smmﬁwé{ﬂwﬁﬁ

o W

Tnaamslwirriiad alWieSaP) watt fds Wi Iuanfin(Q) var

mﬁmﬂma:éﬁnﬁuﬂ‘::q 481.46 2972.61
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NMAHWIN

ﬂ'agaqmﬁuﬂ'ﬁ'umqﬂmrﬁﬁlﬂumsﬁwmimam 1304 malilsdrsaieiigs
Wi Suanfin
IC TCA-785

SIEMENS

Phase Control {C TCA 785
Blpolar IC

Features

® Raliable recognition of zero nassage T
# Large application scope f{f‘;/f*‘_’flﬂ
@ hay be used as zere point switeh ﬁT g:ﬂlﬁri ]
& LSL compatitle ‘E —
® Three-phase operation passible (3 1Cs) 1
@ Output current 250 mA

® Large ramp current range

® WNide tamperature rangs P-DIP-16-1

Tvpe Qrdering Cods Package
TCA 785 QB70G0-A2321 P-DIP-18-1

This phase control IC is intended o control thyristers., triacs, and transisters. The trigger pulses
can be shifted within a phase angle hetween 0 ~ and 180 . Typical applications include
convartar circuits, AC controliers and three-phase cumrent controilers.

This |C replaces the previous types TCA 780 and TCA 780 D.

Pin Definitlons and Functions

Pin Symbol |[Functlon
anfft = e[w
1 GND Ground
RN e z az Output 2 inverted
, .. 3 Qu Qutput U
w (] w[w 4 Q2 Qutput 1 inverted
e E i ™ :]L 3 g Synchranous voitage
. ' - 3 } Inhibit
'>r!'l'c f I ] 7 QZ Qutput £
] W[} s s Stabilized voitage
”’E . 4 ], 9 R: Ramp resistance
N o 10 : Ramp capacitance
iy L] ], 11 I~ Cortral voltage
k=0t 12 o Pulse extension
13 L Long puise
14 Q1 Output 1
Pln Configuration 15 Q1 Cutput 2
(top view} 16 [ Supply veltags




SIEMENS TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit

min. max.

Supply voltage i -05 18 Y

Qutput current at pin 14, 15 I =10 400 mA

Inhibit voltage % ~Q35 4 v

Caontrol voltags S -0.5 e Y

Yoltage short-puise circuit T -G8 i v

Synchranization input current s - 200 +200 1A

Qutput voltage at pin 14, 15 P e v

Qutput current atpin 2, 3, 4,7 I 10 m#i

Qutput voltage atpin 2, 3, 4. 7 o e, Y

Junction temperaiure T 150 c

Storage temperature Teg ~- 55 125 C

Thermal resistance

system - air Re 5 20 KW

Operating Range

Supply voltage e 8 18 \

Operating frequency I 10 500 Hz

Ambient temperature T - 25 85 C

Characterlstics

8ul;218V, =25 'Ce 85 'Cr=50Hz

FParameter Symbol Limit Values Unit| Test
min. typ. max. Circult

Supply current consumption I 4.5 8.5 10 mA |1

51 ... S8 open

eV

=47 nF R = 100 ke

Synchronization pin 5

Input current Teav 30 200 pA |1

R 1 varied

Offset voltage s 30 78 my |4

Control input pin 11

Control voltage range et 0.2 S Voo

[nput resistance A 15 kexr |8

45



SIEMENS TCA 785

Characteristics (cont'd}
B:lic18Vi-25°CuTa=85°Cir=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. ma. Circuit

Ramp generator

Charge current N 10 1000 A

Max. ramp voltage Pz P -2 Vool

Saturation voitage at capaciter | ¥1: 100 22 35 my |18

Ramp resistance Rz 3 300 ker [

Sawtooth return time fr 20 ps |1

Inkibit pin 8

switch-over of pin 7

Qutputs disabled e 3.3 2.5 Voo

Qutputs snahled Pep 4 33 Vool

Signal transition time o d & us |1

Input current En 500 200 wA |1

=8V

Input current -5 80 150 200 nA 1

Ve=17V

Deviation of /i I -5 3] G |1

R 4= const.

Vo2 12V G =47 nF

Deviation of I I =20 20 G |1

R = const.

Fs=8Vio18Y

Deviation of the ramp voltage

betwvean 2 fallowing

half-waves, = = const. Al e 11 o

Long pulse switch-over

pin 13

switeh-aver of S8

Short pulse at output Fiak 35 i Voo

Long pulse at output VisL 2.5 2 Voo

Input current HI 10 nA |1

Va=8V

Input current -l 45 B85 100 pA |1

Fas 17V

Outputs pin 2. 3. 4. 7

Reverse current e 10 pA 128

Vo = e

Saturation voitage P 0.1 0.4 2 4 28

[s=2mA




SIEMENS

TCA 783

Characteristics (cont'd)
Qoo 18Vi=25'C:TaB5°Cir=50H2

Parameter Symbol!

Limit Values

min.

typ. max.

tnit

Test
Circuit

Qutputs pin 14, 18
H-output voltage
-15=250 mA
L-outpui voitage s, (0.3
s =2 mA

Pulse width (short pulse)
39 open

Pulse width {short puise) 2 530
with 2

e a3

e =25 o= 1,0
0.8 2
30 40

620 780

Y
us

-
i

L
a

1o
LW)]

—

Internal voltage control
Refarence voltage Taer 2.3
Farallel cennection of
10 ICs possible

T¢ of refarence voltage EEY

3.1 3.4

2 A3 {6 1054

Y

1K

Application Hints for External Components

min max
Ramp capacitance ¢z 500 pF 1uFth
oo s Raw iz 2

Triggering peint =
9981ing 1 irer e K
Fazr < K 3

o,
a

Charge current Ta=

Pulse Extenslon versus Temperatire

The minimum and maximum vaiuaes of i

are to be cbservad

Ramp voltage

Mo =1 =2V g =

IETOa% &0

780G T I

15/ nF =
8BC oo

BOG fronms

340

48C

Lits
$60

1Ty —
Za0

False Exbersiop

“BC

5C

(140 —-20 [+ 20 20 60

nAtanting 1 Pyback hnves
RIS B U I

47
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SIEMENS TCA 785

Qutput Voltage measured to + i

IEDSGSe "

o

B VA
e ] L

PP T B T R
A P

\

1o
]
\!
Al

ot
1

N
h
L

«
Lan)
L5
o

’

~

=
v
L

3

Supply Current versus Supply Voltage

IE0S03e?
9L
B 3
N A
j A=
29
2
- , ]/
5 LA
T I ”
=471 1 |- izA .,
! "!:if Lr
- a1,
r ,l
L
rd
re 7] i
- e I
td T
et |
7
* i
T
B |
$am
i
b : i { BTy
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TOSHIBA Fhototoupier  GaAlas ke & Photo-1C

TLP250

Transistor Inverter

Inverter For Air Conditionor

{GBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLPU3C consists of & 3aAlds hehe enutning diode and o

integrated photndereeror.
Thiz unit 12 5-lead DIP package.

TLPZ3% 15 suitable for gate dizving cirenit of IGBT or power M0OS FET.

» Input thveshold current’ IF=imAtmax !

v Supgly current fIoc lmA(max?

o Supply valvage (Vg LU=-38V

s Ourput cuzpent ot =154 Guax)

¢ Swirching time tpLEAHELD 1, Spstmax.t

o Igolanion voltags: 2500Vemalmnn.d

+ UL recogmzed: UL1377. tile No EGT 340

»  Option ‘D4 type
TDE approved DIN VDEJSH4/4 92 certificare Jip. 70223
Masium epsraung insulanon veltage” 330VPR
Highest prrunzsible over veltage. J000VER

{Note) Whan a VDEO284 approved type |5 hesded,
please designate the "aption {D4)”
v Creepage distance S4mminin i

Clearancs: & Jomstaan, !

Schmatic
”»“.:
iF
—r
2+ W
v } ::
ER N
* - JBNDk
A CUIF bypass capestor must e =
sarmected betwean pin 2 ard & (See Nok £
Truth Table
e 1 T2
Ingat m N (a5 ]
==Y i O S

Ut oy mm

JBEEERDS Lo SRziminy,
mn

Vil
o i)
=§ o
L | T [l
LTS
e
TOSHIGA {11504

Waght: G54 g

Pin Configuration (top view)

I
xE”i%L%;

(%53
.

NG

AT

T Cathode
NG

[T POE P I St
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Absolute Maximum Ratings (Ta = 25°C)

Charasterstc Swymizal Rizig nit
Foreand cursnt Ig oo A
Foreeard curent derating (Ta = 7042 A= ATa 1338 mé s
Z | Seak tangant forvand curent {Note i lepT ' A
Reverse voltage s 5 i
Junetion tenperaiura T g i~
“H peak sutput cusrent (P < 2.8psf £ {5<Hz) Note 2! P - LE &
“L'beak outout current (P & 286 f & 15%Hz) (Nata 2 mpr, +1.5 #
Tas ¥ 25
Cutput voltage Vo Y
- Ta - %57 23
4‘2
g susch Tas W0 e 35 )
[+ - Y <) Vom o~ %
= upphy veltage Ta- o0 oo ” )
Outpant voltage deraung {Ta 2 70°Cl ANt ATa 973 WD
Supply woitage derating {Ta 2 T0°C) e fTa 073 AL
Junction temperature Ti 135 i
Operating frequency {Nete 2 i e, kHz
Operating tenyperaturg range Tear Riep s (o
Sterage sompersiure range T h6-128 e
Lead so.cing tempesature (10 8t ] 231
{so:ation voltage 1AL, | min. R o4 80%) INGte &1 BY 5 25

‘Wete 1 Pulse width Py = | s, 300008
Nete 21 Exparenendal wavefom
INote 3)  Expofenendal wavefam, 10PK < ~ | 0A{ £ 2.5ps) I0pL £ -1 0A¢ = 2,588

iNgte 4} Device considerd a twe terminal device: Ping 1, 2, 3 ang 4 sharted logsther. and pins 5, 6. 7 and 3 snertad
fogether.

Nate 57 A cerant cazadtoril 1):Fj shoult be connected rom pin 4t pin £ 10 slabilize the operation of he hign
gain linear amphfier, Fallure o provioe the wpassing May impai e swiiching prozary. The tota) Jeno
‘ength between cacacitor and cousler shouid nel excess fem.

Recommended Operating Canditions

Lharactanste Symizg! kfin. Typ. Max. Unit
Input current o e 7 3 2 A
Ingt votage, of RERS 2 - 1a W
Suppiy watage Vi 15 - ? | o g
Pegk autpus cureent -— — =g A
Cperating serperatur: Topr UM 28 71 34 C




Electrical Characteristics (Ta = -20-70°C, unless otherwlse specified)

Test
Characraristic Symbel - Test Jond rioa in, Twin." fax. lIn:t
tLH
inpot forward vaage W= — g~ ama, Ta=250 Th B ‘.*
Temparatue coef et of s o - r i
‘!:L;‘.'.'grc vehtage A/piATal — - TimA - 23 o LR
lnput reverse swve H —_ V=AY Ta=lE00 —_ | LA
IRt capac. tance o — V=0, f= Mz Ta= 2870 — 45 220 of
[ . . Ip- Om& n "
H eve F - 3 e = 20 ._v,? e~ 4V .5 1.5 _—
Cuipat current R 3 A
e . - v IF- -
2T level IR = ""E':' e~ 2B HAS 2 -
T eye R T S 1t 128 —
Coapat voltage i
U lavel el Z - 4z 24
Veas =30V g = 10mA +
- 3 el - -
“H aye- E':C"' — Ta=25C
o Var SV g = 1CmA — — i
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