Multiplier Circuits - Implementation Examples

Greinacher-Cascade
2 MV (TU Berlin)
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Multiplier Circuits - Implementation Examples

Greinacher-Cascade
(CESI, Milan/Italy)
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Multiplier Circuits - Implementation Examples
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~ " Greinacher-Cascade
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Multiplier Circuits - Implementation Examples

Two-phase (symmetrical)
seven stage
Greinacher-cascade 3.4 MV

0‘3'0‘[

(Circuit diagram: two-phase ZSymmetricaI) four stage Greinacher-cascade)
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Multiplier Circuits - Implementation Examples

Direct voltage generator 1600 kV/200 mA
~ (built by TuR)

- 4 stages

- 500 Hz supply

- Si-rectifiers

- Four 450-kV rectifiers each combined in a rhombic frame

- Frames to be pivoted by motor drivesfor change of polarity
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Multiplier Circuits - Implementation Examples

Direct voltage generator 2000 kV/10 mA
@ (built by TuR for Toshiba/Japan)

Ca{i
A4
" -

/;"i"‘-l 7 stages

e - Fed by two transformers on 2/7- and 6/7-potential

- Seismic resistant design

- - Air cushion base for high mobility

" - Change of polarity under load within 200 ms (up to 750 kV)
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Multiplier Circuits - Implementation Examples

Booster columns

Smoothing
column

I

Phasen-Zweiweg-Schaltung dargestellt.

Pulsating voltage test generator 1600 kV (circuit diagram)

Es ist das Schaltbild einer 3stufigen Gleichspannungsanlage in 3-

Der zugehdrige Hochspan-~

//hungstransfcrmaﬁor speist die unterste Stufe der Vervielfachungs-
//,schaltung. Diese ist jedoch nicht direkt geerdet wie bei einer

normalen Gleichspannungsanlage, sondern ist mit einem einpolig ge-

erdeten Priiftransformator fiir 500 kV Wechselspannung in Serie ge-

schaltet. Aus dieser Uberlagerung von Wechsel- und Gleichspannung
entsteht eine Mischspannung, mit der bestimmte Betriebsbeanspru-
chungen an Betriebsmitteln der HGU fiir Priifzwecke nachgebildet
werden kdnnen. Die Anhebung der gesamten Gleichspannungsverviel-
fachschaltung auf das 500-kV-Wechselspannungspotential bedingt
aber auch eine fiir 500 kV Wechselspannung isolierte Aufstellung
des 3phasigen Gleichrichter-Transformators und seine Einspeisung

iiber einen entsprechenden Isoliertransformator.

3-phase double-way bridge

3-phase double way rectifier type

Feeding transformer

500-kV transformer; series connected to the direct voltage generator

@ Pulsationsspannungs- Insulating transformer
DRESDEN Prur‘mﬂzge g
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Multiplier Circuits - Implementation Examples

Pulsating voltage

test generator 1600 kV;
erection in the test lab
for commissioning test

13: Pulsationsspannungspriifanlage 1600 kV

Gezeigt wird die vorgenannte Anlage in priffeldmifiger Aufstellung
1

- a fiir die Erprobung in der TuR-Hochspannungshalle. Die Anlage ist
fiir Langzeit-Dauerbetrieb in Freiluft unter realen Witterungsbe-

8l dingungen ausgelegt.

A
L™

Belastbarkeit 1 A im Dauerbetrieb.
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Multiplier Circuits - Implementation Examples

Greinacher-Cascade 16 kV
(built from electronic components)
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Van de Graaff Generator

Transport of charge carriers
against the force of an electric

- field
2 .
Dy
2 R 1 ... Spray electrode
/D /t, 2 ... Reception electrode
g . 3 ... Metallic hollow sphere
4 N 4 ... Insulating tube
E N Ck =7 5 ... Insulating belt
1 +
[ A
1 / I /,/ ) Q ... Accumulated charge on the surface
Y + 9
N g of the sphere
' /\T { a Cy ... (Stray-)capacitance sphere to ground
| ‘HON
:l T 2 Usprin}/
L/
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Hochspannungstechnik Y9’ DARMSTADT

%” Fachgebiet High-Voltage Engineering / Chapter 3 -51 - f(z%'é UNIVERSITAT



Van de Graaff Generator

U Maximum voltage limited only
B =— by pre-discharges at the

Maximum possible electric field
stress in air without pre-discharges:

E.__. =25KkV/icm

Assumption: sphere radius ry =2 m
= Uy =200 cm - 25 kV/cm =5 MV
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Van de Graaff Generator

Maximum current given by
» applicable surface charge density o

 width b of the belt
» velocity v of the belt

Electrical charge of a section dx of the belt:

dg=c-bdr = Y_gp
dx

Velocity of the belt: y=—

Possible load current:
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Van de Graaff Generator

Maximum applicable surface charge density
(limited by ionization field strength of the
surrounding air):

As
m2

o} ~2-107

max, air

o
Assumptions: v=20m/s; b=0,5m

_ _ =5 _
Imax,air o O-max,air b-v=2-10 095 20A = O,Z mA
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Van de Graaff Generator

Required mechanical power
- Electrical charge of section dx of the belt:
@ dg=0"-bdx

Force affecting the belt in total:

F:de =jE(x)dq =o0-b- SE(x)dx

|
U | Ex) = I

=U
=Fv=Ul=P,

P

mech

"4@ Example: 5 MV-0,2 mA =1 kW
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Van de Graaff Generator

| Van de Graaff
with prototype 1 MV
(ca. 1930)

Presentation of 5 M Tandem generator

prototype 1 MV (South Dartmouth Mass./USA; 1931) 2
(ca. 1930)
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Van de Graaff Generator

Limits ....
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Van de Graaff Generator

World's largest air insulated Van de Graaff generator 25 MV
Oak Ridge National Laboratory, USA
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Van de Graaff Generator

World's largest air insulated Van de Graaff generator 25 MV
Oak Ridge National Laboratory, USA
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Van de Graaff Generator

) [
q. b
p =
' Translation:
Fig. 3 Van de Graaff
generator in pressurized
tank; Design Westinghouse
g El. & Mfg. Co., Pittsburgh;
i designed for
I X 5000 kV to ground
(A
|
| St e
4 i HE
B;Id 3. Van de Graaff- Generator in Bauart Westing- ‘ l_l—] QD |
house El. & Mfg. Co, Pittsburgh, fiir 5000 KV_gegen Erde entworfen. | |
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Van de Graaff Generator

Pelletron

Pelletron Charging System
(Positive configuration shovm)

J; = 50 kv PS Charging Chain-—-metal Terminal Shell
Inductor pellets, nylon links Su e —
?i?i?iﬁiiiﬁiﬁﬁi?ﬁi?i? L
Drive pulley Pickoff pu]J eys ik : v

Suppre S0t

50 kv PS

Charoing
Current
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Van de Graaff Generator

Working principle of a tandem accelerator with Van de Graaff Generator

Source of Charge exchange target Pressurized tank

1 Evacuated

negative ions

accelerator tube

LE A T T? LR ] \
- E T - - — = é"‘ T — 1
P 1999 ]
Magnetic S — o Positive Ring electrodes with voltage divider
analyser +f Charge transfer electrode

J
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Van de Graaff Generator

Accelenator Control

Radiction Shield = Recycling System

Zrazing Incicence
MWonochromcrtor

Target Chamiber Unit van de Graaff Accderator

Pumizing
A

Dota Acquisifion System and Contrd [SANMAC)

The Univearsity of Nevadd Reno, van de Gradff accelerator, target chamboear
and EUV monochrometer
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Van de Graaff Generator

Brookhaven National Laboratory
2 Van de Graaff generators 15 MV each, 24 m long
Year of manufacturing 1970
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HVDC Converters

6-pulse-bridge
Waveshape of the direct voltage
at different firing angles:
ld SR o
] ® e U+ 0=0
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HVDC Converters

12-pulse-bridge

? T Arrangement of valve arms (valve

Yd5 Sf NEIVAS legs) to form a 12-pulse-bridge
_ﬁ_@@}— 3 5 1. Valve arm (valve leg, valve)
® 2. Double acting valve
< < 3. Valve tower (quadrivalve)
4. ©6-pulse-bridge
o, | ® |

T T.T e A EREE

Z / L v v oy y o
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HVDC Converters

12-pulse-bridge

Surge
arrestor

AL

AL
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Quadrivalve Valve Valve panel Thyristor level
{threein a12-pulse (12in a12-pulse (210 panels {1020 per panel;
converter) converter) per valve) 20100 per valve)
Saturable Thyristor leyel
! De Pan\el inductor {1020 per panel) T
1--- TR T =5 BT
T it
L # :
i
- » Power supply
e £ |/
~ h Gat
g e
1 \ , Damping :
T ﬁ “ | resistor Thyristor
. \ " alectronics
% Dc 4 ~ alectro
; \\T optical interface
L ﬁ "\ Carnping Jl ﬂ
T capadtor
Paq N
T b I " =
1 A = 1! 5 L. =
N a | optical | g¢
1 ﬁ ? 5 v fibers »C =
= P! it _:C"" [
E Nl = e}
5 ! 1! =
= ! od
1! ol
1 1
L Dc “alve-base
Optical fibers electronics
{twio per thyristor)
LLLLLLLL L]
Yalve-base
elactronics
| | |
Converter control
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HVDC Converters

Thyristors
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HVDC Converters

Valve panel
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HVDC Converters
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HVDC Converters

12-pulse-bridge @
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HVDC Converters
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(Figures in m)

Cross-section of the valve hall of a 500-MW converter station (400 kV)

1 Valve towers 2 Converter transformer
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3 Surge arrester
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HVDC Converters

800-kV-UHVDC-Transformator (Siemens, 2008) (for 800 kV / 5000 MW)
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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HVDC Converters
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