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ABSTRACT

This project is developement a 12 pulse bridge converter of Highvoltage Direct

Current transmission system simulator for education the characteristic of a Direct Current
linking between 2 different frequéncy alternating voltage sources and compare it's
characteristic with the characteristic of 6 pulse bridge converter of Highvoltage Direct
Current transmission system.The harmonics current generated on an ac system of 6 pulse
bridge converter of Highvoltage Direct Current transmission system will cause reduction of
efficiency in power generation , transmission and utilization. 12 pulse bridge converter of
Highvoltage Direct Current transmission system are built to reduce the harmonics current
generated on the ac system and the voltage ripple produced on the de system of converter.
Additionally, it is more transfered eleétn‘cal power than former system about two times. It
also was transfered electrical power about two sources which different frequency. 12 pulse
bridge converter of Highvoltage Direct Current transmission system compose of two 6 pulse
converters. They are connected in series on the dc side and in parallels on the ac side.They
are connected through a star-star and a star-delta transformer which are identical
transformers. They are phase- shifted exactly 30°degree from each other. Also the lowest
harmonic being the 11 th, while the lowest harmonic of 6 pulse converter being the Sth.

Controlling system are controlled at exactly the same delay angle of converter.
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n = 79—6_ X 100%
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Ripple Factor  (RF) = T
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MTHRAMTNAABIINNEIANMINAEeM S 11y 4

Substation A Substation B
Ig 223 224
Itr 0.23 02
Iirl 0.13 0.1
2 0.1 0.1
L 2 2
Vac 100 100
Wac 325 330
PF 0.84 0.85

M 4.2 namIneaoaliove Ivaaundumady A Lae B

DCLINE
Substation A Substation B
Vde 0 0
Vdcl 0 0
Vde2, 0 0
Idc 0 0

MTI 4.3 svensammzusslumemmas vae Tideiuida
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Substation A Substation B
Ig 223 424
Hr 0.23 0.2
Ttrl 0.13 0.1
2 0.1 0.1
I 2 4
Vac 100 100
Wac 325 660
PF 0.84 09

e 4.4 Mo Tves nfuduaaiu B

DCLINE
Substation A Substation B
Vdc 0 0
T Vel 0 0
Vdc2 0 0
Ide 0 0
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Substation B

3.86

M 4.6 Mmadenswuei s lfuduaaiu B

DCLINE
Substation A Substation B
Ve
Vel 25 180
) 185 185
Tde 021 021

M 4.7 Mz paeulududendulotmavaTroadnd Fusaiiu B
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P = 4/3VICosd
A/3(100)(1.2)(0.89)
= 184.98 watt.

it I nsumediduainsu B

P = /3VICos
A/3(100)(0.9)0.92)
143.41 watt.

UszAnENmMuBIMTaIeNaIY

Pout
n Pin
14341

184.98
0.7752 %58 77.52%

DC Voltage Regulation

vV, —V,

VR
390 — 365
365

0.0684 158 6.84%

Reg =
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Substation A Substation B
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Jiiy
Ttrl 0.6 0.37
2 04 0.37
1% 2 2
Vac
Wac
PF

MTIT 4.8 1 Noaa Ivaamed Huaadu B

DCLINE
Substation A Substation B
Vdc
Vdcl 205 185
Vd2 188 190
Idc 0.16 0.16
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nivae I fhitd e lumeaddusadu A

P = +/3VICosd
= /3(100)(10)(0.866)

= 150 watt.

" d o v o
nanu M nsumedudumasu A

P = /3VICos{
A/3(100)(0.74)(0.85)
= 109 watt.

i

UTLANENINYBIMTANIONAINIU

Pout
N = 5
109
150
= 0.7266 %39 72.66%

DC Voltage Regulation
V,—V,

VR
393—375
375

= 0.048 u0 48%

Reg =
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Substation A Substation B

Ig 42 2.23
Itr 0.2 02
Tirl 0.1 0.1
2 . 0.1 0.1
I 4 2

Vac 100 100
Wac 690 335
PE 0.94 0.86

TIT 4.10 dieTnmaiy Ivarmeduduaadu A ez hidenu

My
DCLINE
Substation A Substation B
Vdc 0 0
Vdcl 0 0
Vda2 0 0
Idc 0 0
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SIEMENS

Phase Control IC

Features

® Reliable recognition of zero passage
e Large application scope
® May be used as zero point switch

@ LSL compatible !

@ Three-phase operation possible (3 ICs)

o Output current 250 mA
e Large ramp current range
© Wide temperature range

TCA 785
Bipolar IC

P-DIP-16-1

Type Ordering Code

Package

TCA 785 Q67000-A2321

P-DIP-16-1

i

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses

can be shifted within a phase angle between 0 and 180 . Typical applications include

converter circuits, AC controllers and three-phase current controllers.
F

This IC replaces the previous types TCA 780 and TCA 780 D.
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Pin Configuration
(top view)

Semiconductor Group

Pin Definitions and Functions

Pin Symbol |Function’

1 GND Ground

2 Q2 Output 2 inverted
3 Qu Output U

4 Q2 Output 1 inverted
5 Vsvne Synchronous voltage
6 | Inhibit

7 Qz Output Z

8 I rer Stabilized voltage
g Re Ramp resistance
10 Crwo Ramp capacitance
11 V11 Control voltage

12 Cn2 Pulse extension
13 L Long pulse

14 Q1 Output 1

15 Q2 Qutput 2

16 Vs Supply voltage

09.94
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SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage

(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register. ’

This synchronization register controls a ramp generator, the capacitor C1o of which is charged
by a constant current (determined by Re). If the ramp voltage Vi exceeds the control voltage
Wi (triggering angle o), a signal is processed to the logic. Dependent on the magnitude of the
control voltage 1, the triggering angle ¢ can be shifted within a phase angle of 0 to 180 .

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged upto 180 viaa capacitor Cz. If pin 12 is connected
to ground, puises with a duration between ¢ and 180 will result.

Outputs WT and T2 supply the inverse signals of Q 1 and Q 2. R

A signal of ¢ +180 which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR linkof Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2 and TT , @2 .

Pin 13 can be used to extend the outputs T7 and T2 to full pulse length (180 - ¢).

:-l_PuLse
Gz_“ﬁxfension
412
S
Vevne l> Zoro Synchron. w4,
Detector Register 4 R
% 4 Y . 15 02
Vs B Discharge Logic | 2 i
— AN+  Monitor . 3
= N = ou
= . val r: 7 07
Iz "@ 1
Conirol
1 Comparator
GND
:]_ E'T 68
Discharge
9 |8 10 11 Transistor |¢ 3 i

Y1
P v (o (= Control  Inhibil Long-Putse
9 stab 2077 A\ voltage Commulation

_L L _l_ 1EB00353

Biock Diagram

Semiconductor Group
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SIEMENS

TCA 785

|
u .
= 1
—U_.._.J | L
| l
| [ 4 [
| | T =
N\ 2l
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0 ¢ 180° 1ED0Q359

i 1 | N s

| (\\/Il {

| L] [ V1o

| | V\ Vo
! Jv ' Vi

I - 11 Vio

P i 23,

_.h [ l n Vee-

! | __L | A

| [ A

T T AY Vi
_J .' ,' l Vis

1 k]

Synchronization voltage

Ramp peak voltage

Ramp voltage

Control voltage

Min. ramp voltoge = ¥,

Q2

- Q1

- Q2,Pin121oGND

- Q1, Pin12to GND

- @7, Pin 1310 GND

1, Pin 13to GND

Pulse Diagram

Semiconductor Group
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SIEMENS

TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
min. max.
Supply voltage Vs -0.5 18 \Y
Output current at,pin 14, 15 la -10 400 mA
Inhibit voltage Ve -0.5 Vs \'
Control voltage P -0.5 Vs \%
Voltage short-pulse circuit Vis -0.5 Vs \%
Synchronization input current Vs - 200 + 200 pA
Output voltage at pin 14, 15 Vo Vs \%

. .--Output current at pin 2, 3, 4, 7 Ia 10 mA
Output voltage at pin 2, 3, 4, 7 Va s \Y
Junction temperature Ti 150 C
Storage temperature Teg - 55 125 C
Thermal resistance
system - air Rinsa 80 Kw
Operating Range 4
Supply voltage Vs 8 18 Vv
Operating frequency f 10 500 Hz
Ambient temperature Ta ~25 85 C
Characteristics
8<Vss48V;-25 C<Ta<85 C;f=50Hz
Parameter Symbol Limit Values Unit| Test

min. typ. max. Circuit
Supply current consumption Is 4.5 6.5 10 mA 1
S1... 86 open
Pi=0V
Cw=47nF;, Re=100kQ
Synchronization pin 5
Input current 15 ems 30 200 pA |1
R 2 varied
Offset voltage Als 30 75 mV |4
Control input pin 11
Control voltage range 14 0.2 110 peak AR I
Input resistance R 15 ko |5

Semiconductor Group 4
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SIEMENS

TCA 785

Characteristics (cont'd)

8<sVs<18V,~25 C<7Ta<85 C;f=50Hz

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

Ramp generator

Charge current Io 10 1000 nA

Max. ramp voltage V1o V2-2 Vo1

Saturation voltage at capacitor | Vi 100 225 350 mV |16

Ramp resistance Re 3 300 ko {1

Sawtooth return time " 80 us |1

Inhibit pin 6

switch-over of pin 7

Outputs disabled Ve 3.3 2.5 Vot

Outputs enabled Ven 4 3.3 Vo1

Signal transition time & 1 5 pus |1

Input current Ien 500 800 pA 1

Ve=8V

Input current —IsL 80 150 200 pA |1

Ve=1T7V

Deviation of /1o T -5 5 % {1

Rs = const.

Vs =12V, Cio =47 nF

Deviation of 1o 110 - 20 20 % |1

Re =const.

Vs=8Vito 18V

Deviation of the ramp voitage

between 2 following

half-waves, Vs = const. AV10 max +1 %

Long pulse switch-over

pin 13

switch-over of S8

Short pulse at output Visn 3.5 2.5 AV I

Long pulse at output st 2.5 2 A\

Input current Jau 10 pA 11

Viz=8V

Input current T3t 45 65 100 pA 1

Va=17V

Outputs pin 2, 3, 4, 7

Reverse current Iceo 10 ptA |26

Va=Vs

Saturation voltage Vsat 0.1 0.4 2 vV |26

lo=2mA

Semiconductor Group 5
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SIEMENS

TCA 785
Characteristics (cont'd)
8sVs<18V;-25 C<7as85 C;/=50Hz
Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit
Outputs pin 14, 15
H-output voltage Viansu | Vs~ 3 Vs —-2.5 Vs—1.0 V (36
—7a=250mA
L-output voltage Vianse 0.3 0.8 2 vV |26
la=2mA
Pulse width (short pulse) t 20 30 40 us |1
S9 open
Pulse width (short pulse) I 530 620 760 us/ |1
with Ci2 nF
Internal voltage control
Reference voltage Vrer 2.8 3.1 34 vV |1
Parallel connection of
10 ICs possible
7C of reference voltage OREF 2x10-4 |5x10-4 [1/K |1

Semiconductor Group 6
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Application Hints for External Components

min max

Ramp capacitance Ciwo 500 pF 1uFY  The minimum and maximum values of /o
are to be observed

~

) . . PruxRoxCio 2
Triggering point m=s —

Veer x K
Vrere x K 2 Ramp voltage Iree x Kxt 2
Charge current o= ———— Viomax = Vs -2V Vo= —
R Rox Cro

Pulse Extension versus Temperature

780 {ED003I60

jts/afb V=15V
860 =g Cjp=1nf
600 ]

540
5 480 Z
£ 420
3 360
2 300
= |
240
180
60

b))
W
)1,
A9

0
-40 -20 0 20 40 60 80 °C 100

na vy

1} Attention to flyback times
AEK=110220%

-d

Semiconductor Group



SIEMENS

TCA 785

Output Voltage'measured to + Vs

3.7

1ED00361

35

33

V=1V

31

2.9
Vs - Viuss 27

g
\
\ &

& \
%

B A

2.1

19 fp—aop™

17

15

13

1
02 F

s A UHY PR KN 8P L | PN P

0

0 100

Supply Current versus Supply Voltage

200

1E000362
8.5
mA =
79 48
I A7-25°C
i {7
1.3 >
' +25°C
6.7 -
AT AT L
] b oac *
61 Iz 85 °C
1
/, i
55 ,
< !
4.9 ‘
9 0
¥
4.3 1
1
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— Ve
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SIEMENS

TCA 785

[12—_[' 1nF
o]
/s
50 Hz 1k 250 k& Zero [ 12
3 5 Detector
D Synchron. 14 6x10 k&
8 Vs £ /;233 ; Register " <
I 16 Y 15 ] S2 _1(/)5
° j_ T 8 Discharge Logic §2 ] S3
1000F | [= A+« {Menitor 3 AN Y 3
L / TP - - T'ss ’
= 7
= J 156
1{”)- - WA -,
Control
GND %‘_ Comparator
‘ _f_/lDischurge
9 |8 10|14 Transistor 6l I3
/5] . ovie  |S7 s
AN &gﬁ) e 10 kQ th
i 10 k9
0..Vs Vs Ve 0.V
16500363

it is necessary for all measurements to adjust the ramp with
the aid of Cio and R in the way that 3Vs Vempmax s Vs -2V
e.g. Cio=47nF; 18 V: Re =47 k; 8V: Re= 120 kQ

Test Circ

uit 1
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R {
o R —
X =
W 220 kR
7 1NG00S
Q.47 uF—_:Tr Load ®
10kQ 1
TS 018 []1. 7k
2! LI b T
470 pf <y
a5 x v |2 1% Bﬁg{ 61| 1508 AV/AN
6 V- BAY([BAY| A TXC10
220 v~ Fosiml \U W, 1%
5| TCA 785 |12 = 2.2 uF({MKH}
= PANEIRY —
250 V~ p -] 10
8 9 %
22k 150 pF
0AuF S Lo
' 100 |47 pF
kQ
v
le,
Mp 16500373

Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phasé control with a directly controlied triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0 and 180 with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from pin 14. The trigger pulse width is approx. 100 us.

Semiconductor Group 13
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Fully Controlied AC Power Controller
Circuit for Two High-Power Thyristors

14

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0 and 180 by means of a
potentiometer. During the negative line half-wave the trigget pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.
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